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BRIQUETTING  TESTS  OF  UGMTE  AT  PITTSBURG,  PA. 

JULY  1, 1908,  TO  JUNE  30, 1909. 


By  Chables  L.  Wright. 


INTRODUCTION'. 

PBOPKETIBS  OJf  IJQXriTB. 

Coals  may  be  divided  into  six  classes — ^anthracite,  semianthracite, 
semibituminous,  bituminous,  subbituminous,  and  lignite.  The  first 
three  clas^ies  can  be  distinguished  by  differences  of  composition,  par- 
ticularly the  proportions  of  fixed  carbon  and  the  ratios  of  the  fixed 
carbon  to  the  volatile  matter  in  the  coals.  The  last  three  classes  can 
be  distingui^ed  by  differences  in  physical  character,  chiefly  in  color 
and  in  manner  of  weathering. 

Lignite  is  brown,  not  black,  and  has  generally  a  woody  look,  but  it 
weathers  in  much  the  same  way  as  subbituminous  coals.  On  exposure 
to  tlie  air  lignite  slacks  or  crumbles.  The  lumps  check  and  fall  into 
small  irregular  pieces  that  exhibit  a  decided  tendency  to  separate 
into  extremely  thin  plates.  Hence  lignite  deteriorates  greatly  during 
storage  or  long  transportation. 

The  most  characteristic  feature  of  the  composition  of  lignite  is  a 
large  percentage  of  moisture.  This  high  moisture  content  reduces 
the  fuel  value  of  freshly  mined  lignite,  and  the  partial  evaporation 
of  moisture,  on  exposure,  causes  th^  fuel  to  check  and  f aU  to  pieces. 
Consequently,  attempts  to  increase  the  efficiency  of  lignite  as  a  fuel 
involve  reducing  its  percentage  of  moisture  and  increasing  its  ability 
to  endure  stwage  and  tranq>ortation.  Both  these  results  are  accom- 
plished by  briquetting. 

LiaNITE  FIELDS  IN  THE  UNITED  STATES. 

The  total  extent  of  territory  in  the  United  States  that  may  contain 
workable  beds  of  lignite  is  much  greater  than  the  extent  of  the  de- 
posits known  to  be  workable.  The  United  States  Geological  Survey 
estimates  the  area  underlain  by  possibly  workable  beds  to  be  148,609 
square  miles.   Millions  of  acres  of  this  land  belong  to  the  Government. 

The  principal  workable  deposits  of  lignite  are  within  the  northern 
Great  Plains  province,  which  occupies  most  of  the  western  half  of 
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North  Dakota,  part  of  the  northwest  portion  of  South  Dakota  and 
much  of  the  eastern  half  of  Montana.  In  this  province  many  thou- 
sand square  miles  of  land  are  underlain  by  workable  beds,  the  work- 
able beds  in  North  Dakota  alone,  according  to  the  United  States  Geo- 
logical Survey,  underlying  31,240  square  miles.  Deposits  of  lignite 
extend  completely  across  the  State  of  Texas,  but  the  deposits  regarded 
as  workable  are  in  scattered  districts  that  have  a  total  area  of  about 
2,000  square  miles.  Workable  lignite  deposits  occur  in  several  other 
States. 

XTTHilZATION  OF  LOW-QRADE  FUELS  IN  EIIBOPE. 

For  many  years  European  countries  have  been  developing  supplies 
of  fuels  that  have  low  heat  values,  and  have  succeeded  in  making  the 
utilization  of  peat,  lignite,  and  the  screenings  of  bituminous  coal  and 
anthracite  the  basis  of  important  industries.  In  several  countries 
large  amounts  of  capital  have  been  invested  in  the  manufacture  of 
fuel  briquets.  The  magnitude  of  the  briquet  industry  in  Germany 
and  the  part  it  plays  in  utilizing  the  lignite  or  brown-coal  deposits 
of  that  country  are  shown  by  the  fact  that  in  1910  the  German  Em- 
pire produced  19,561,494  metric  tons  (21,575,000  short  tons)  of 
briquets,  of  which  15,120,255  metric  tons  (16,675,000  short  tons),  or 
77  per  cent  of  the  total  output,  were  made  from  lignite.  These  lig- 
nite briquets  are  much  liked  for  domestic  use,  and  form  the  chief 
household  fuel  in  many  large  cities. 

TESTS  OF  LIGNITE  BY  THE  UNITED  STATES  GOVEBNICEKT. 

The  United  States  Geological  Survey  in  connection  with  the  work 
of  the  coal-testing  plant  erected  at  St.  Louis,  Mo.,  in  1904,  undertook 
an  investigation  of  the  merits  of  lignite  as  a  fuel,  with  the  object  of 
ascertaining  the  most  efficient  methods  of  utilizing  it.  The  survey 
made  briquetting  tests  of  lignite  and  also  combustion  tests  of  lignite 
briquets  and  of  raw  lignite  in  boiler  furnaces  and  in  gas  producers 
at  St.  Louis,  Mo.,  and  at  Pittsburg,  Pa.  The  results  of  the  tests  of 
lignite  at  St.  Louis  are  to  be  found  in  United  States  Geological 
Survey  Bulletins  Nos.  261,  290,  332,  343,  and  363,  and  Professional 
Paper  48.     (See  Bibliography.) 

In  the  spring  of  1907  the  steam-engineering,  gas-producer,  and 
briquetting  sections  of  the  fuel-testing  plant  were  removed  from  St. 
Louis,  Mo.,  to  Norfolk,  Va.,  where  the  Jamestown  Exposition  Com- 
pany provided  a  building  for  their  use.  The  briquetting  tests  at 
Norfolk  were  confined  to  coals  from  Virginia  and  West  Virginia. 

During  the  fall  and  winter  of  1908  most  of  the  fuel-testing  equip- 
ment used  at  Norfolk  was  removed  to  Pittsburg,  Pa.,  and  erected 
there.  Various  improvements  were  made,  and  early  in  1909  the 
briquetting  plant  was  in  operating  condition. 
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The  briquetting  tests  described  in  this  bulletin  were  of  lignites 
from  North  Dakota,  Texas,  and  California.  Steaming  tests  of  North 
Dakota  lignite  were  made  at  the  Reclamation  Service  pimiping  plant 
at  Williston,  N.  Dak.,  under  the  direction  of  D.  T.  Randall  and 
Henry  Kreisinger,  and  have  been  described  in  Bureau  of  Mines 
Bulletin  2.  Combustion  tests  of  raw  lignite  in  house  stoves  of  special 
design  have  also  been  made. 

The  act  establishing  the  Bureau  of  Mines  authorized  the  transfer 
of  fuel-testing  investigations  from  the  Geological  Survey  to  the  new 
bureau.  This  act  became  effective  July  1,  1910,  and  in  consequence 
of  the  transfer  of  the  investigations  this  bulletin  is  published  by  the 
Bureau  of  Mines,  though  it  deals  with  work  done  by  the  technologic 
branch  of  the  Geological  Survey  in  the  fiscal  year  ended  June  30, 
1909.  The  funds  available  for  fuel  investigations  by  the  Bureau  of 
Mines  are  not  sufficient  to  enable  the  bureau  to  carry  on  the  lignite- 
briquetting  investigations  on  a  practical  scale. 

FXTBPOSE  OF  BBIQUETTINQ  TESTS. 

Briquetting  tests  of  lignite  were  undertaken  at  the  fuel-testing 
plant  at  Pittsburg  to  ascertain  the  following  facts: 

1.  The  possibility  of  briquetting  American  lignites  without  adding 
binder  to  them. 

2.  The  suitability  of  the  German  brown-coal  briquet  presses  for 
briquetting  American  lignites. 

3.  The  percentage  of  moisture  needed  in  the  briquet  material  to 
give  the  best  briquets. 

4.  The  approximate  commercial  cost  of  briquetting  lignites. 

5.  The  weathering  qualities  of  briquets  as  compared  with  raw 
lignites. 

An  additional  purpose  of  the  tests  was  to  provide  a  supply  of  lig- 
nite briquets  from  which  to  determine  their^ value  as  (a)  steaming 
fuel  under  boilers,  (6)  gas-producer  fuel,  and  {c)  domestic  fuel. 

BESXTLTS  OF  BBIQXTETTINa  TESTS. 

The  results  of  the  briquetting  investigations  conducted  by  the 
Government  are  expected  to  prove  of  considerable  value,  not  only 
to  the  Government  itself  as  the  owner  of  extensive  lignite  deposits 
and  the  largest  single  purchaser  of  fuel,  but  also  to  the  people 
living  in  the  regions  where  lignite  is  found.  The  problem  of  a  fuel 
supply  in  those  regions  is  of  peculiar  interest,  for  many  of  the  lignite 
deposits  are  situated  long  distances  from  fields  of  high-grade  coal. 
The  problem  assumes  still  larger  proportions  when  one  realizes  that 
the  development  of  manufacturing  industries  in  those  regions  depends 
upon  the  ability  to  obtain  a  cheap  and  satisfactory  fuel. 
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Although  the  results  presented  in  this  bulletin  are  not  condusiye, 
they  warrant  the  continuati<m  of  the  inve6tigati(ms  as  soon  as  funds 
can  be  made  availaUe  for  the  purpose.  Enough  testing  has  been 
done  to  indicate  that  some  American  lignites  equal  German  lignites  in 
fuel  value  and  can  probably  be  made  into  briquets  on  a  commercial 
scale  without  the  use  of  binding  materials.  Three  samples  of  lignite, 
one  from  Texas,  one  from  North  Dakota,  and  one  from  California, 
were  made  into  satisfactory  briquets  without  the  addition  of  a  binder. 
It  was  proved  that  some  lignites  after  having  slacked  by  exposure 
can  be  made  into  briquets  without  the  use  of  binding  material,  not^ 
withstanding  a  general  opinion  that  this  could  not  be  done.  Cohesion 
and  weathering  tests  demonstrated  that  good  briquets  endure  han- 
dling and  resist  weathering  much  better  than  the  lignite  from  which 
they  are  made. 

PEBSONNEIi. 

A.  W.  Belden  had  general  supervision  of  the  work  of  the  coking, 
washing,  and  briquetting  sections  of  the  testing  plant  at  Pittsburg. 
Charles  L.  Wright  designed  the  briquetting  plant  and  was  responsible 
for  its  erection ;  he  also  had  charge  of  the  briquetting  and  other  tests 
of  the  raw  fuel  and  the  various  physical  tests  of  the  briquets.  H.  L. 
Gardner  rendered  valuable  aid  in  recording  observations  and  assisted 
in  making  the  physical  tests.  Otto  Lehman,  a  machinist  in  the  em- 
ploy of  the  manufacturers  of  the  German  lignite  press,  was  engaged 
from  November,  1908,  to  April,  1909,  to  superintend  the  erection  of 
the  press  and  to  assist  in  its  operation.  The  writer  takes  this  op- 
portunity to  acknowledge  the  faithful  and  efficient  work  of  the  press- 
men and  laborers  engaged  on  the  briquetting  tests. 

BRIQUETTING  PIiANT  AT  PITTSBURG. 

OENEBAL   DESCBIPTIOir. 

At  the  experiment  station  of  the  Bureau  of  Mines,  at  Pittsburg, 
a  complete  lignite-briquet  ting  plant  is  installed  in  the  main  part  of 
the  briquetting  building.  This  plant  was  built  by  the  Maschinen- 
fabrik  Buckau  Actien  Gesellschaft  zu  Magdeburg,  Germany.  As 
received  from  the  maker,  the  plant  included  the  following  equipment : 
A  tubular  drier,  a  sorting  sieve,  auxiliary  crushing  rolls,  a  cooler,  a 
screw  ccmveyer,  a  large  storage  hopper,  a  briquetting  press  directly 
connected  to  a  steam  engine,  apparatus  for  conveying  the  briquets, 
shafting,  hangers,  and  extra  sets  of  dies.  To  complete  the  plant,  the 
Survey  erected  a  coal  elevator,  a  crushing  roll,  and  the  necessary  belt- 
ing and  piping,  in  addition  to  the  building  and  stacks. 

The  English  machine  used  at  St  Louis  and  Norfolk  for  briquetting 
anthracite  and  bituminous  slack  and  coke  breeze  was  set  up  in  the 
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building,  bat  no  provision  was  made  for  using  it  to  briquet  large 
quantities  of  fuels  during  the  period  covered  by  this  report.  Instead, 
woi^  was  concentrated  on  tests  of  lignite  with  the  Qerman  machine. 

BUILDINa. 
The  briquetting  machines  and  their  equipment  are  housed  in  a  steel- 
framed  building  inclosed  with  curtain  walls  of  reinforced  concrete  2 
inches  thick.  The  steel  work  is  of  heavy  construction,  for  it  has  to 
carry  not  only  the  machinery,  but  also,  on  the  third  floor,  a  storage 
room  to  hold  100  tons  of  coal  or  lignite.  Plate  I  illustrates  the  gen- 
eral apearance  of  the  building. 


nnni  1. — Longitudinal  sectioa  of  llgnlte-brlquetMltg  plant. 
EQUIFUENT  AITS  OPXBATIOH  Or  FIuUTT. 

OONYETEB  AND   CRUSHER. 

Two  bins  of  60  tons  capacity  each  for  storing  the  raw  lignite  were 
built  near  the  car  track  at  one  side  of  the  briquetting  building,  so 
that  the  lignite  coidd  be  shoveled  directly  into  them  from  the  box 
cars  in  which  it  had  been  shipped  from  the  mine. 
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A  bucket  elevator  (figs.  2,  3)  of  the  link-belt  type  was  erected  to 
carry  the  raw  lignite  from  the  ground  to  the  third  floor  of  the 
building. 

The  single-roll  crusher  A  (figs.  1,  2)  was  installed  in  the  bin  room 
on  the  third  floor.  The  roll  had  a  corrugated  surface  and  the  ma- 
terial passed  between  it  and  a  dead  plate.  The  crusher  and  the  raw- 
material  elevator  were  driven  by  a  motor  through  line  shaft  TS,,  as 
shown  in  figure  2. 


FtaOBB  2. — Ciosa  lectloii  of  lignlte-brlttuettlng  plant 
The  crusher  was  expected  to  break  run-of-uiine  lignite  down  to 
pieces  |  inch  in  diameter  or  smaller,  but  it  would  not  do  so  at  one 
pass.  Some  samples  of  lignite  had  to  be  run  through  the  crusher 
several  times  after  the  larger  pieces  had  been  broken  with  a  hammer. 
The  North  Dakota  lignite  acted  like  tough  wood  and  was  especially 
hard  to  crush. 

The  experience  gained  from  the  tests  indicates  that  lignite  should 
be  crushed  in  stages;  first  by  a  toothed  roll  and  then  by  a  smooth 
or  corrugated  roll  or  by  a  disintegrator.  In  Germany  three  sets  of 
crushers  are  used  in  lignite-briquetting  plants. 


D  OF  SCHULZ  DRIER. 


B.     OELIVERy  E 
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DRDSIL 

The  Sdiuiz  tubular  drier  C  (figs.  1,  2)  was  installed  on  the  second 
floor  of  the  building.  It  was  similar  in  shape  to  an  ordinary  multi- 
tubular boiler,  22^  feet  long,  7^  feet  in  diameter,  and  had  195  tubes 
of  S|  inches  inside  diameter,  evenly  spaced  around  the  drum.  The 
material  to  be  dried  passed  through  the  tubes,  which  had  a  drying 
surface  of  4,310  square  feet. 

This  drier,  which  weighed  27  tons,  was  supported  at  the  ends,  the 
receiving  end  (PL  II  ^)  being  about  8  feet  higher  than  the  delivery 
end  (PL  II  5).  A  step  bearing  at  the  lower  end  took  the  end  thrust. 
A  worm  gear  turned  the  drier  at  a  speed  of  5.2  revolutions  per 
minute;  the  material  to  be  dried  passed  through  the  tubes  by  gravity. 


FiGUBi  3. — Plan  of  first  floor  of  briquetting  plant 

A  6-inch  pipe  carried  the  exhaust  steam  from  the  engine  of  the 
briquet  machine  to  the  drier,  the  steam  entering  the  latter  through 
the  upper  bearing.  A  safety  valve  on  the  pipe  could  be  set  to  keep 
any  desired  pressure  on  the  drier.  During  the  tests  steam  pressures 
of  3  to  30  pounds  per  square  inch  were  used,  according  to  the  degree 
of  dryness  desired.  A  2-inch  pipe  fed  live  steam  into  the  drier  when 
the  engine  was  not  running.  The  ground  lignite  was  fed  into  the 
drier  tubes  by  a  chute  (shown  in  PL  II  ^)  that  led  from  an  opening 
in  the  third  floor,  under  the  roll  crusher. 

The  lower  or  delivery  end  of  the  drier  was  connected  with  a  revolv- 
ing screen  by  a  hopper  (D,  figs.  1,  2  and  PL  III  A).  This  screen 
had  openings  of  two  sizes ;  those  in  the  receiving  half  were  ^  inch 
square,  and  those  in  the  other  half  were  |  indi  square.    Material 
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larger  than  f  inch  was  discharged  from  the  end  of  the  screen  through 
a  waste  pipe. 

The  sheet-metal  casing  under  the  screen  had  two  legs.  The  ma- 
terial that  passed  the  ^-inch  openings  fell  through  (me  leg,  F', 
(fig.  2)  into  the  cooler,  while  the  material  passing  the  }-inch  section 
of  the  screen  fell  on  a  pair  of  rolls,  was  crushed  to  a  fine  powder, 
and  then  fell  into  the  cooler  through  the  other  leg,  F. 

COOLER. 

The  cooler  (G,  figs.  1,  2,  and  PI.  Ill  A)  was  of  the  plate  type.  It 
had  four  circular  stationary  plates  13  feet  in  diameter,  arranged  one 
above  the  other,  with  raised  edges  and  closing  plates  to  keep  the  dust 
frcfm  escaping.  Over  each  plate  four  radial  arms,  each  carrying 
several  scrapers  set  at  an  angle  of  45°  with  the  arms,  were  revolved 
by  a  vertical  central  shaft  The  material  was  scraped  from  the  outer 
edge  of  the  highest  plate  toward  the  center,  where  it  fell  through 
holes  to  the  plate  below;  another  set  of  scrapers  moved  it  to  the 
outer  edge  of  that  plate  and  another  set  of  holes.  Thus  it  readied 
the  bottom  plate,  from  which  it  went  to  a  worm  conveyer  (H,  fig.  1 
and  PI.  m  A).  This  conveyer  elevated  the  cooled  material  to  the 
second  floor  where  it  fell,  through  chute  I,  into  large  hopper  K  over 
the  German  press  L  (fig.  1). 

The  drier  C,  sorting  sieve  E,  crushing  rolls  F,  cooler  G,  and  worm 
conveyer  H  were  driven  from  the  main  shaft  S,  which  in  turn  was 
driven  by  the  50-horsepower  motor  N. 

DUST  STACKS. 

The  dust  and  gases  from  drying  lignite  may  form  explosive  mix- 
tures with  air;  hence  stacks  W  and  X  (fig.  1)  were  erected  over  the 
delivery  end  of  the  drier  to  carry  off  the  dust  and  gases,  as  shown  by 
the  arrows  in  figure  1,  and  to  keep  them  from  coming  back  into  the 
room  through  the  ends  of  the  tubes  near  B.  An  explosion  door  was 
placed  at  the  upper  end  of  stack  W.  Most  of  the  dust  settled  in  the 
down-coming  section  of  stack  W  and  went  to  hopper  D  through  a 
chuta  A  spray  was  put  in  stack  X  to  wash  out  any  dust  that  re- 
mained in  the  gases,  and  to  condense  steam  and  other  vapors.  The 
air  current  up  the  stacks  tended  to  increase  the  capacity  of  the  drier. 

GERMAN   MACHINE. 

The  German  machine  (PI.  TV)  was  designed  to  briquet  either 
peat  or  lignite  that  will  cohere  under  pressure  because  of  inherent 
bituminous  matter.    The  press  was  not  intended  for  briquetting  ma- 
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teiials  to  which  a  binder  has  been  added,  and  attempts  to  nse  a  gimilar 
pr«e8  for  briquetting  materials  containing  artificial  binder  will  prob- 
ably result  in  a  stalled  machine  or  a  broken  stamp. 

The  machine  is  of  the  open-mold  type,  and  the  material  pressed 
passes  through  the  mold.  In  its  passage  the  mat^al  is  reduced  in 
volume,  because  the  opening  in  the  delivery  end  of  the  mold  is 
smaller  than  the  one  in  the  receiving  end.  This  difference  in  size 
of  the  two  op^iings  is  shown  by  the  vertical  sections  through  the 
mold  given  in  6gnre  4,  the  vertical  height  being  greater  at  a  than 
at  h.    The  dimensions  given  in  the  figures  are  in  millimeters. 

A  charge  of  the  prepared  material  sufficient  for  one  briquet  enters 
the  mold  at  C,  is  pressed  by  the  stamp  E  into  the  end  of  the  mold  and 
is  pushed  along  to  D,  the  end  of  the  travel  of  the  stamp  E.  The 
stamp  moves  back,  and  then  presses  another  charge  to  D.  The  first 
charge  is  forced  along  under  heavy  pressure  in  the  direction  of  the 


aiTow  until  it  reaches  a;  as  it  passes  from  a  to  &,  in  what  is  called  the 
die  angle,  it  is  compressed  at  top  and  bottom  by  the  reduction  in 
height  of  the  mold.  From  J  the  briqud;  is  forced  alraig  by  the  suc- 
cessive charges  of  material  and  its  sides  are  hardened  and  polished. 
When  it  leaves  the  mold  at  F,  the  briquet  is  hot,  but  after  it  has 
traveled  in  a  trough  for  a  few  feet  from  the  machine  it  is  ready  for 
storage  or  loading  into  cars.  The  press  L  (fig.  1)  is  directly  con- 
nected to  the  steam  engine  M.  The  stamp  E  (fig.  1)  is  bolted  to  a 
sliding  headblock  that  is  actuated  by  a  connecting  rod  and  eccentric 
The  throw  of  the  eccentric  is  7  inches. 

ENQLTSH   MACHINE, 

The  English  machine,*  shown  in  Plate  V,  consists  of  a  heating  and 
mixing  eluimber  of  cylindrical  shape;  a  die- filling  box,  also  of  cylin- 
drical shape;  a  die-filling  plunger;  a  vertical  die  plate;  and  double- 
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compression  plungers.  This  machine  is  suited  for  briquetting  any 
solid  fuel  with  added  binder.  It  was  built  by  William  Johnson  & 
Sons,  of  Leeds,  England. 

No  provision  was  made  for  experiments  with  this  machine  during 
the  fiscal  year  ending  June  30, 1909,  and  its  equipment  was  not  com- 
pleted. However,  a  short  conveyer  was  put  in  to  connect  the  machine 
with  a  chute  shown  at  T  (fig.  1)  on  the  worm  conveyer  H,  so  that 
material  could  be  crushed  and  mized  with  the  binder  on  the  third 
floor  of  the  building  and  transported  to  the  machine  by  the  hopper 
D,  cooler  G,  and  conveyer  H.  This  arrangement  was  not  intended 
for  making  large  lots  of  briquets,  but  only  for  short  runs  to  determine 
the  briquetting  qualities  of  a  sample  of  fuel. 


CX)MPARISON   OF   GERMAN    AND   ENGLISH   MACHINES. 

The  capacity  of  the  German  and  of  the  English  machine,  the  horse- 
power required  to  drive  each,  and  other  details  are  summarized  in  the 
following  table : 

Details  of  briquetting  machines. 


Mftchlnes. 


Eng:Ush. 
Gertnan. 


Horsn- 

powpr 

required. 


25 
100 


Working 
strokes 

per 
minate. 


17 
100 


Briqunts 

per 
mmute. 


34 
100 


Avenue 
weight  of 
1  briquet. 


Pounds. 
3.75 
1.00 


Capacity. 


Per  liour 


Tons. 
3.8 
3.0 


P*»r 

S>liour 

day. 


Tons. 
80 
24 


Average 
prsssuiB 

per 
square 
loch  used 
on  bri- 
quet. 


2,500 
20.000 


The  briquets  made  by  the  German  press  have  flat  sides  and  rounded 
ends.  A  good  idea  of  their  appearance  may  be  obtained  by  referring 
to  Plates  VI  to  XI.  They  measure  approximately  6J  by  2^  by  1  inch, 
and  weigh  about  1  pound  apiece.  The  briquets  produced  by  the 
English  machine  are  parallelopipeds,  with  the  edges  rounded  oflf. 
Their  average  weight  is  3.76  pounds. 

LABORATORY  HAND  PRESS. 

A  laboratory  hydraulic  press  (PI.  Ill,  B),  operated  by  hand,  was 
used  for  preliminary  investigations.  It  contained  a  mold  3  inches  m 
diameter  and  9  inches  long,  around  which  was  a  steam  jacket.  This 
press  was  adapted  for  tests  with  or  without  binding  material  and 
with  hot  or  cold  dies.  The  pressure  obtainable  with  the  3-inch 
mold  was  50  tons,  or  14,000  pounds  per  square  inch.  By  using  a 
smaller  mold  that  was  made,  a  pressure  of  30,000  pounds  per  square 
inch  could  be  obtained.  The  press  proved  very  useful  and  many  tests 
were  made  with  it,  but  since  these  tests  were  preliminary,  they  are 
not  included  in  this  report. 
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COST  OF  A  BRIQUETTING  PliANT. 

It  is  estimated  that  a  plant  capable  of  producing  25  tons  of  lignite 
briquets  per  10-hour  day  can  be  erected  for  $56,000.  This  estimate 
is  based  on  the  cost  of  the  plant  at  Pittsburg,  Pa.,  as  shown  below : 

Cost  of  Qerman  Ugnite-Jniquetting  plant. 

German  lignlte-briquettlng  press  with  oigine  complete,  with  Schuiz 
drier,  cooler,  worm  conveyer,  shafting,  hangers,  pulleys,  etc.,  f.  o.  b. 

Hamburg $16,000 

Freight  on  outfit,  Hamburg  to  mine  in  United  States,  100  tons 4, 000 

Duty,  at  45  per  cent  ad  valorem 7, 200 

Building  complete  with  foundation 15, 000 

Crushing  machinery  and  necessary  elevators 2,500 

One    SO-horsepower    motor    to    drive    crushers    and    elevators,    with 

rheostat 800 

One  50-horsepower  motor  to  drive  drier,  cooler,  etc.,  with  rheostat 1, 000 

Erection  of  machinery 3, 000 

Two  lOO-horsepower  boilers,  with  equipment 2, 500 

Surface  grinder  to  dress  dies,  etc 1, 000 

Superintendence,  miscellaneous  supplies,  freight,  etc 3,000 

56,000 

Nystrom  *  estimates  the  cost  of  a  complete  plant  of  about  the  same 
capacity  to  be  $54,000  to  $60,000,  so  that  his  figures  agree  with  the 
cost  of  the  plant  at  Pittsburg,  including  the  cost  of  necessary  changes 
in  the  crushing  equipment  of  the  latter. 

The  following  table  shows  in  detail  the  cost  of  a  briquetting  plant 
equipped  with  an  English  (Johnson)  machine  having  a  capacity  of 
38  tons  per  10-hour  day : 

Cost  of  English  hriquetting  plant, 

Johnson  briquetting  machine  complete,  with  heater  and  press ^$4,500 

Freight,  England  to  mine  in  United  States,  20  tons 1, 200 

Duty,  at  45  per  cent  ad  valorem 2, 025 

Building 10,000 

Crushing  machinery  and  necessary  elevators 2, 500 

One  50-hor8epower  ^igine 500 

Boiler,  piping,  etc 2,000 

Erection  of  machinery *. 2, 000 

Superintendence,  miscellaneous  supplies,  freight,  etc 3, 000 

18, 325 

'Nystrom,  E.,  Peat  and  lignite;   manufacture  and  use  In  Europe.     Canada  Dept  of 
Mines,  Ottawa,  190S,  pp.  130-170. 
»  Consular  Reports,  No.  26,  p.  100. 

77776^— Bull.  14—11 2 
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BRIQUETTING  TESTS. 


LiaNITES  TESTED. 


Briquetting  tests  were  made  on  the  following  samples,  which  were 
considered  typical  of  the  lignites  in  the  more  important  fields  in  the 
United  States: 

Samplea  of  lignite  tested. 


Field  designatton. 

Sourot. 

Slie. 

Number 
of  testa. 

Pittsbuig: 

No.  7 

2-Inch  lump 

i-lndhlump 

ttunofmina 

do 

(•) 

No.8 

I^Ftte.  Mfminft  County.  Twr. . . . , 

iz 

No.9 

Calyert.  Robertsoa  County.  Teas 

No.  11 

8crent<Hi,  Bowman  Coun^,  N.  Dak 

No.  13 

Lehidl  inlne.  Stark  County.  N.  Dak 

11 

No.  14 

Ton*.  Amador  Connty,  Cal 

<lo 

No.  15 

Vanderwalker,  Wanf  County,  N.  Dak 

8-lnchlump 

a  No  offldal  tests  made  on  this  sample,  which  was  used  in  adjusting  the  machine. 
»  Seyeral  preliminary  tests  also  made. 


METHOD  OF  MAXZNO  TB8TB. 

The  samples  of  lignite  to  be  tested  were  either  kept  in  one  of  the 
two  storage  bins  previously  mentioned  or  were  piled  upon  the  ground 
near  by.    All  the  samples  were  shipped  to  the  plant  in  box  cars. 

In  making  a  briquetting  test  about  3  tons  of  lignite  were  taken  by 
elevator  P  (fig.  2)  to  the  third  floor  and  dumped  there  in  a  pile^ 
The  lignite  was  then  shoveled  into  crusher  A  (figs.  1^  2),  which 
reduced  it  to  f -inch  or  smaller  pieces.  The  crushed  material  passed 
through  a  hole  in*  the  floor  and  chute  B  (figs.  1,  2)  into  the  tubes 
of  a  drier  (C,  figs.  1,  2,  and  PI.  U  A,  B).  The  dried  lignite  fell 
into  hopper  D  (figs.  1,  2),  and  the  part  that  was  fine  enough  to 
pass  the  ^-inch  sieve  fell  directly  into  the  cooler  G  (figs.  1,  2) 
through  leg  F  (fig.  2).  The  pieces  larger  than  ^  inch  and  smaUer 
than  f  inch  fell  on  a  pair  of  crushing  roUs  at  F  (fig.  2),  and  when 
crushed  dropped  into  the  cooler  (G,  figs.  1,  2,  and  PI.  Ill  A).  All 
material  that  passed  through  the  cooler  was  elevated  by  a  screw  con- 
veyer (H,  fig.  1  and  PI.  Ill  ^)  to  the  second  floor  and  dropped 
through  chute  I  (fig.  1)  into  a  hopper  (K,  fig.  1  and  PI.  IV).  Over- 
flow chute  J  (fig.  1)  was  intended  to  prevent  damage  to  the  screw 
conveyer  H,  in  case  the  hopper  K  became  full,  by  permitting  the 
excess  material  to  pass  to  the  second  floor  through  chute  J.  From 
hopper  K  (fig.  1)  the  material  was  fed  at  a  uniform  rate  to  the  press 
L.  The  briquets  were  cooled  by  lying  for  several  minutes  in  a 
trough  or  "  slideway  "  shown  at  the  front  of  the  machine  in  Plate 
ly,  from  which  they  were  carried  in  barrows  to  storage  piles  under 
cover. 
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At  each  test  the  raw  matmal,  as  it  was  fed  into  the  drier,  was 
sampled  for  ch^nical  analysis  and  determination  of  heat  value.  The 
dried  and  cooled  material  was  sampled  as  it  fell  into  the  hopper  K 
(fig.  1),  and  its  temperature  and  moisture  content  were  determined. 
A  sample  of  the  briquets  was  taken  for  analysis  and  determination  of 
heat  value. 

CHABACTSB  OF  TB8T& 

The  tests  described  in  this  bulletin,  as  has  been  stated,  were  made 
on  the  German  machine  without  the  use  of  any  artificial  binder,  the 
Datura]  inherent  bitumen  of  the  lignites  themselves  yielding  the  bind- 
ing material  Therefore  those  lignites  that  were  not  made  into  good 
briquets  in  the  Grerman  press  may  be  made  into  excellent  briquets  in  a 
madiine  adapted .  to  working  with  an  artificial  binder.  Certainly 
there  is  opportunity  for  further  experiments  in  this  direction,  and  it 
is  hoped  that  the  Bureau  of  Mines  may  be  able  to  conduct  briquetting 
tests  of  lignites  and  differoit  binders  with  the  English  machine. 

Only  small  lots  of  lignite  could  be  tested  at  a  time,  since  the  size 
of  the  large  hopper  over  the  press  controlled  the  quantity  of  mate- 
rial dried.  Until  the  press  started,  one  was  never  sure  that  the 
material  would  not  stall  the  machine.  Therefore  only  enough  mate- 
rial was  fed  to  the  drier  to  fill  the  large  hopper,  so  that  should  difii- 
culty  be  experienced  in  getting  the  material  through  the  press,  there 
would  not  be  an  excess  to  overflow  on  the  floor.  The  necessity  of 
drying  small  lots  was  unfortunate,  as  about  6  tons  of  material  could 
be  put  throu^  in  the  time  needed  to  get  the  apparatus  warmed  to 
working  temperature,  and  the  use  of  only  about  3  tons  of  lignite  for 
a  test  resulted  in  the  first  part  of  each  lot  being  dried  more  than  the 
last  part. 

DIE  ANGLES  USED. 

The  "  die  angle,"  or  "  angle  of  dies,"  is  the  angle  to  which  one  end 
of  the  loDg  die  blocks  is  ground  to  decrease  the  sectional  area  of  the 
mold,  aDd  thus  compress  the  material  passiug  through.  The  situa- 
tion of  this  angle  may  be  seen  by  referring  to  figure  4,  in  which  the 
die  angle  extends  from  a  to  h;  the  size  of  the  angle  may  be  found 
with  sufficient  accuracy  by  dividing  the  decrease  in  vertical  height 
of  the  mold  (a  minus  ft)  by  the  length  of  the  part  ground  off,  and 
finding  from  a  table  of  natural  tangents  the  angle  having  a  tangent 
equal  to  this  quotient.    To  define  it  in  another  way,  the  die  angle  is 

the  angle  whoae  tuig^uJ^^^''  '^''^'f  ^^^\ 
^^  Length  ground  away 

As  the  angular  measure  in  degrees  does  not  convey  such  exact  infor- 
mation as  do  the  dimensions  of  the  portion  removed  by  grinding, 
the  latter  are  styled  the  ''  die  angle  "  in  the  notes  on  the  tests. 
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In  figure  4  the  nofmal  or  standard  die  angle  is  shown,  and  its  size 

is  here  reported  as  — ,  for  the  decrease  in  vertical  height  in  this 

instance  is  66—60=6  mm.,  and  the  length  ground  off  is  80  mm.    The 

angle  whose  tangent  is  — r  is  4^  20'.    In  the  tests  here  reported  vari- 

oO 

ous  die  angles  were  used,  ranging  from  4  *<>  ^. 

OO  Do 

The  height  and  length  of  the  metal  ground  off  the  sets  of  dies  used* 
the  ratios  of  these  dimensions,  and  the  angles  corresponding  to  these 
ratios  are  shown  in  the  following  table: 

Die  angles  used. 


Decrease 

in  vertical 
height. 

Length 
ofdie 
angle. 

Ratio  or 

Angle  of 
which 
ratio  is 

tangent. 

• 

Decsrease 

in  vertical 

height. 

Length 

ofSe 

angle. 

Ratio  or 

Angle  of 
which 
ratio  is 

tangent. 

Mm, 

Mm, 

o        / 

Mm. 

Mm. 

•    / 

1.0 

ftO 

0.016 

0    55 

&0 

89 

a0662 

3    13 

1.5 

60 

.025 

1    26 

&5 

89 

.0618 

3    32 

3.0 

76 

.0394 

2    15 

6.0 

89 

.0674 

3    51 

4.0 

110 

.0364 

2     5 

7.0 

89 

.0786 

4    30 

4.0 

89 

.0460 

2    35 

&0 

68 

.1176 

6    42 

PRESSURES  USED. 

The  German  briquetting  press  was  built  to  give  a  working  pressure 
of  14,000  to  28,000  pounds  per  square  inch,  and  as  the  area  of  the 
face  of  a  briquet  was  15.55  square  inches,  the  total  pressure  developed 
by  the  machine  was  217,700  to  435,400  pounds.  The  pressure  actually 
used  in  the  different  tests  could  not  be  determined,  and  could  be 
approximated  only  when  the  material  stalled  the  machine,  the  pres- 
sure then  being  maximum. 

INCn>EKTAL  CHEMICAL  TESTS. 
MOISTURE  CONTROL. 

As  it  was  impossible  for  the  chemical  laboratory  of  the  fuel-testing 
plant  to  make  moisture  tests  for  the  briquetting  section  and  report 
results  within  the  same  day,  a  method  of  determining  moisture  with 
sufficient  accuracy  for  control  purposes  was  devised  by  F.  M.  Stanton, 
chemist  in  charge  of  the  laboratory.  The  procedure  was  as  follows : 
Fifty  grams  of  coarsely  crushed  lignite  were  placed  in  a  distilling  flask 
of  about  200  c.  c.  capacity,  covered  with  70  c,  c  kerosene,  and  heated 
over  a  gas  flame.  The  moisture  driven  off  was  condensed  in  a  Liebig 
condenser  and  run  into  a  tall  26-c.  c.  measuring  cylinder  or  burette. 
The  distillation  was  carried  on  until  a  thermometer  in  the  flask 
showed  a  final  temperature  of  350°  F.  The  cubic  centimeters  of 
water  in  the  measuring  cylinder  were  noted  when  the  thermometer 
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in  the  flask  registered  250""  F.,  300''  F.,  and  350""  F.,  and  the  percent- 
age of  moisture  in  the  sample  was  taken  as  the  percentage  of  moisture 
distilled  at  300^  F.  Of  course,  some  of  the  kerosene  distilled  over, 
but  it  readily  separated  from  the  water  and  the  quantity  of  the  latter 
in  the  measuring  cylinder  could  be  accurately  read. 


EXTBACTION  TEST. 


To  determine  the  percentage  of  bitumen  or  natural  binding  ma- 
terial in  the  raw  or  briquetted  lignite,  samples  were  extracted  with 
carbon  bisulphide  in  a  Soxhlet  apparatus  in  the  following  manner: 

Five  grams  of  the  finely  ground  material  were  weighed  in  an  ex- 
traction thimble  and  extracted  in  a  flask  that  had  been  dried  for 
one-half  hour  at  108°  C,  cooled  in  a  desiccator,  and  weighed.  After 
the  material  had  been  in  the  extractor  five  hours  the  carbon  bisulphide 
in  the  flask  was  distilled  off  and  recovered  in  the  Soxhlet  extractor; 
the  flask  and  its  contents  were  dried  at  108°  C.  for  one  hour,  cooled 
and  weighed,  and  the  percentage  of  material  extracted  was  calculated 
from  the  weight  of  the  residue.  The  result  was  computed  to  a 
moisture-free  basis  for  convenience  of  comparison  and  the  results 
of  the  extraction  tests  herein  reported  are  on  this  basis. 

Since  the  percentage  of  material  soluble  in  carbon  bisulphide  indi- 
cates the  percentage  of  natural  binder  in  the  lignite,  the  results  of 
an  extraction  test  are  valuable  aids  in  determining  whether  a  sample 
under  investigation  can  be  briquetted  without  adding  artificial  binder. 
If  it  can  not  be,  the  results  are  a  guide  in  determining  how  much 
binder  must  be  added  to  make  satisfactory  briquets. 

The  results  of  extraction  tests  of  the  lignites  briquetted  are  shown 
in  the  following  table: 

Extraction^test  resulta. 


Sample  used. 

Number 

of  samples 

tested. 

Avera^ 
percent 
ofdrv 
sample 
soluble 
InCSi. 

Remarks. 

Ptttsborg: 

No.  7  (Roflkdah^.  IVx ) 

2 
3 
4 
4 

13 
7 
2 

1.20 
2.01 
1.24 
1.72 
1.43 
7.60 
1.08 

No  satisHactory  briquets  made. 
Satisfactory  briquets  made. 
No  satisfactory  briquets  made. 
Satlsfiactory  briquets  made. 
Difficult  to  briquet. 
SatisliBCtory  briquets  made. 
No  satisfactory  briquets  made. 

No.  S^Lytte.Tez.)....' 

No.  »  (CWvert,  Tex.) 

No.  11  (Scnmtfln,  N.  Dek.) 

No.  1 3  ( liflWjfh ,  N  Pftk ) . 

No.l4(l0De.CBl.) 

No.l5(Vanderwallcer,N.Dak.) 

The  following  important  conclusions,  some  of  which  are  indicated 
by  the  table,  can  be  drawn  from  the  results  of  the  briquetting  and 
the  extraction  tests  described  above: 

1.  Lignites  containing  less  than  1.4  per  cent  of  matter  soluble  in 
carbon  bisulphide  (calculated  to  a  moisture-free  basis)  have  not  been 
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briquetted  with  the  Grerman  machine,  nor  with  any  other  machine, 
without  the  addition  of  a  binder. 

2.  Lignites  containing  1.4  to  1.6  per  cent  of  matter  soluble  in 
carbon  bisulphide  are  difficult  to  briquet,  and  further  tests  are  needed 
to  determine  whether  entirely  satisfactory  briquets  can  be  made  frcxn 
them  with  the  German  machine. 

3.  The  few  lignites  tested  that  contained  more  than  1.5  per  cent  of 
matter  soluble  in  carbon  bisulphide  were  briquetted  with  the  German 
machine  without  binder. 

4.  The  percentage  of  moisture  that  the  dried  lignite  must  contain 
to  give  satisfactory  briquets  with  the  German  machine  is,  within 
limits,  proportional  to  the  percentage  of  matter  soluble  in  carbon 
bisulphide.  Hence,  if  two  lignites  have  the  same  ash  content  the 
one  that  is  richer  in  bitumen  may  be  dried  more  and  will  give  briquets 
of  higher  heat  value  (because  of  the  lower  moisture  content)  than 
the  other. 

TBST8  TO  WHICH  BBIQUSTS  WEBB  SITBJBCTED. 

PHYSICAL  TESTS. 

Samples  of  the  better  lots  of  briquets  made  were  subjected  to  the 
drop  test  and  the  tumbler  test  to  determine  their  cohesive  strength 
and  to  show  their  ability  to  endure  handling. 

DROP  TEST. 

Fifty  pounds  of  briquets  were  placed  in  a  drop-bott(»n  box,  24 
inches  square  and  12  inches  deep  inside,  that  was  suppc»i;ed  6  feet 
above  a  concrete  floor.  The  briquets  were  suddenly  dropped  on 
this  floor;  then  the  pieces  were  gathered  up  and  those  that  were  held 
by  a  1-inch  screen  (square  holes)  were  returned  to  the  box  and 
dropped  again.  The  floor  was  swept  clean  before  each  drop.  This 
procedure  was  repeated  five  times,  after  which  the  weight  of  pieces 
that  would  not  pass  through  the  screen  was  determined.  The  per- 
centage that  the  weight  of  these  pieces  bore  to  the  original  weight  is 
here  reported  as  "  per  cent  held  by  1-inch  screen,"  and  the  difference 
between  this  figure  and  100  per  cent  is  reported  as  '^  per  cent  passed 
by  1-inch  screen." 

TUMBLER  TEST. 

A  weighed  quantity  of  the  briquets  (as  nearly  as  possible  60 
pounds)  was  placed  in  a  tumbler,  a  horizontal  sheet-steel  cylinder, 
and  rotated  2  minutes  at  a  uniform  speed  of  28  revolutions  per 
minute.  The  contents  of  the  tumbler  were  then  sized  by  a  1-inch  mesh 
screen,  and  the  portion  that  passed  through  was  screened  through  a 
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10-mesh  sieve.  The  weight  of  the  pieces  held  by  each  screen  was 
determined  and  the  '^  percentage  held  "  computed  and  reported  as  in 
the  drop  test 

WSATHZRIKG  TEST. 

To  determine  the  comparative  weather-resisting  qualities  of  the 
lignite  briquets  and  the  samples  of  lignite  from  which  they  were 
made,  small  piles  of  each  lot  of  satisfactory  briquets  and  lumps  of 
the  raw  lignites  were  exposed  to  the  action  of  sun,  wind,  and  rain 
on  the  roof  of  the  briquet  building  from  September,  1909,  to  May, 
1910.  Plates  VI  to  XI,  made  from  photographs  taken  at  various 
intervals  up  to  286  days,  show  the  different  stages  of  weathering. 
The  lengdi  of  time  the  briquets  had  been  exposed  before  examination 
and  the  ccmdition  of  the  briquets  when  examined  are  stated  in  the 
tabulated  results  of  tests.  The  key  to  the  conditions  designated 
A,  B,  C,  D,  and  E  is  that  stated  in  Bulletins  332  and  385  of  the 
United  States  Geological  Survey  and  is  as  follows: 

A.  Briquets  practicaUy  in  same  condition  as  when  put  out.  Surfaces  show 
no  signs  of  erosion  or  pitting.  Briquets  hard,  with  sharp  edges,  and  fracture 
same  as  that  of  new  briquet& 

B.  Shape  of  briquets  unchanged.  Surfaces  of  those  on  top  of  pile  have  lost 
luster,  with  evidences  of  pitting,  comers  and  edges  worn  off  by  erosion.  All 
briquets  firm,  with  fracture  practically  the  same  as  that  of  new  briqueta 

C.  Top  briquets  appear  similar  to  those  in  condition  B,  and  show  signs  of 
farther  disintegrati<m,  having  lost  original  sharp  fracture.  Erosion  more  evi- 
dent on  all  briquets  on  outside  of  the  pUa  Inside  briquets  still  firm,  retaining 
original  characteristics. 

D.  Top  briquets  so  badly  disintegrated  that  they  crumble  to  pieces  on  han- 
dling. Briquets  in  center  of  pile  show  signs  of  disintegration ;  luster  of  surfaces 
gone,  edges  soft,  and  break  easily  In  the  hand.  Fracture  not  so  sharp  as  when 
newly  made,  but  briquets  firm  and  handled'  without  brealcing. 

E.  Ebtlre  i^le  disintegrated.  In  many  cases  the  only  briquets  retaining  their 
original  shape  are  those  protected  from  the  weather.  Briquets  can  not  be 
bandied  safely,  but  crush  easily  in  the  hand. 

DETAILS  OF  TESTS. 
PITTSBUIUl  Ho.  7. 

A  sample  shipment,  3  cars,  of  lignite  from  the  Big  Lump  Mine,  3^ 
miles  northeast  of  Eockdale,  Milam  County,  Tex.,  was  designated 
Pittsburg  No.  7. 

House-heating  boiler  tests  Nos.  H23,  H24,  H30,  H45,  and  H46 
were  made  on  this  fuel,  but  the  larger  part  of  the  shipment  was  used 
in  preliminary  briquetting  experiments  to  adjust  the  drier,  cooler, 
and  press  of  the  German  plant.  This  lot  was  the  first  to  arrive  at  the 
testing  station,  considerable  difficulty  was  experienced  in  making  it 
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into  briquets  and  the  shipment  was  exhausted  before  satisfactory  re- 
sults were  obtained.  It  is  hoped  that  further  tests  of  this  lignite 
may  be  made  under  more  favorable  conditions. 

The  following  proximate  analyses  show  the  changes  in  composi- 
tion of  the  sample  during  transportation  from  the  mine  to  the  plant, 
a  period  of  29  days,  and  after  storage  at  the  plant  for  17  and  38  days, 
respectively. 

Proximate  analyses  of  lignite  from  Rock4alet  Tew, 


Date  taken 

Laboratory  No 

Air-drying  loss per  cent. . 

ICdsture do 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Balphur do 

Heat  value B.  t.  u. . 


IClne 
sampte. 


Feb.     1 

7270 

31.60 

35.30 

26.22 

29.58 

&90 

.76 

6,898 


Car 

sample. 


Mar.    1 

7350 
2&10 
33.38 
27.44 
29.62 

ft56 

.94 

7,189 


Plant  samples. 


After  17 
days. 


ICar.  18 

7433 

25.70 

31.72 

28.81 

31.97 

ft50 

.91 

7,423 


After  88 
days. 


Apr.      8 

7551 

25.30 

3a  98 

29.04 

3a4l 

9..*i7 

.92 

7.301 


Mr.  Lehmann,  the  representative  of  the  German  company  that 
furnished  the  lignite-briquetting  plant,  remained  at  Pittsburg  until 
the  plant  was  in  good  working  condition.  The  tests  of  the  first 
sample  of  lignite  were  therefore  under  his  direction.  Most  of  these 
tests  were  preliminary  and  it  was  impossible  to  obtain  a  complete 
record  of  them,  so  only  a  general  statement  of  conditions  and  results 
can  be  given. 

The  briquet  material  in  the  various  tests  contained  different  pro- 
portions of  water,  ranging  from  2.3  to  11.2  per  cent,  and  different 
pressures,  from  very  light  to  the  heaviest  possible,  were  applied  to  it. 
From  some  of  the  tests  the  briquets  were  poorly  formed,  rough,  and 
scaly,  but  were  fairly  strong;  from  other  tests  the  briquets  were  well 
formed  but  weak. 

Only  one  cohesion  (drop)  test  was  made  on  the  briquets  obtained, 
because  most  of  the  tests  gave  only  pieces  of  briquets.  The  results 
of  this  test  were  as  follows:  Held  by  1-inch  screen,  24  per  cent; 
through  1-inch  screen,  76  per  cent. 

The  best  briquets  were  made  by  using  material  that  contained  11.2 
per  cent  moisture  and  applying  a  rather  light  pressure.  The  results 
seemed  to  show  that  for  best  results  with  the  German  machine  the 
ground  and  dried  lignite  should  contain  between  8  and  12  per  cent 
moisture,  and  the  pressure  used  should  be  moderate,  about  that 
obtained  by  using  a  set  of  dies  so  ground  that  in  a  length  of  about 
80  mm.  the  decrease  in  height  would  be  3  to  4  mm. 
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As  a  general  conclusion,  it  may  be  said  that  this  lignite  is  deficient 
in  natural  binding  material,  and  although  it  can  be  briquetted  with- 
out artificial  binder  on  a  machine  of  the  type  used,  such  a  machine 
did  not  make  briquets  of  satisfactory  form  and  strength  from  it. 
To  determine  the  best  conditions  for  briquetting,  further  tests  are 
needed.  It  is  probable  that  the  lignite  will  make  entirely  satis- 
factory briquets  if  an  artificial  binder  and  a  different  type  of  press 
are  used. 

PITTSBTTKG  No.  8. 

A  sample  shipment,  2  cars,  of  |-inch  lump  lignite  from  the  Carr 
mine  No.  3,  2  miles  southwest  of  Lytle,  Medina  County,  Tex.,  was 
designated  Pittsburg  No.  8. 

This  lignite  had  a  dark-brown  color.  It  weathered  very  rapidly, 
exposure  to  a  single  rainstorm  causing  lumps  to  crack  in  all  direc- 
tions. After  it  had  been  wet  and  dried  a  few  times  the  sample 
crumbled  entirely  to  slack. 

Gas-producer  test  180  and  briquetting  tests  298,  295,  and  296  were 
made  on  this  fuel,  and  several  preliminary  briquetting  tests  for  ad- 
justing the  press* 

The  changes  in  composition  of  the  lignite  during  transportation 
from  the  mines  to  the  plant  (25  days),  and  during  storage  (42  days) 
at  the  plant  till  used,  for  one  of  the  last  tests,  are  shown  by  the  fol- 
lowing proximate  analyses : 

Proximate  analyses  of  lignite  from  Lytle,  Tex, 


Mine 

Car 

sample. 

sample. 

Feb.    5 

Mar.    2 

7330 

7461 

24.20 

26.30 

32.  d2 

80.77 

27.42 

27.36 

27.06 

28.39 

12.58 

13.48 

1.46 

1.62 

6,840 

7,079 

Sample 

as  used 

on  last 

test. 


Date  taken 

Labofratoiy  No 

Afr-drying  loss per  cent. 

Moisture do... 

Volatile  combustible do. . . 

Fixed  carbon. do... 

Aflh do... 

Sulphur do. . . 

Heat  value B.  t.  u. 


Apr.  13 
7584 
19.40 
28.00 
27.50 
32.30 
12.20 
1.60 
7,580 


Several  preliminary  tests  were  made  under  the  direction  of  Mr. 
Lehmann.  In  the  first  of  these,  with  a  steam  pressure  of  5  pounds  in 
the  drier,  the  percentage  of  moisture  in  the  fuel  was  reduced  from  30 
per  cent  to  11.2  per  cent.  A  rather  low  pressure  in  the  molds  pro- 
duced well-formed  but  weak  briquets. 

Material  containing  10  per  cent  moisture,  and  subjected  to  a  high 
pressure,  furnished  briquets  that  had  poor  form  and  rough  surfaces, 
but  were  much  stronger  than  those  made  in  the  first  test.    The  rough- 
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ness  of  surface  was  largely  caused  by  steam  (generated  while  the 
briquet  was  being  formed  under  high  pressure)  that  blew  out  around 
the  sides  of  each  briquet  just  before  it  left  the  mold.  The  dust  Uown 
out  by  the  steam  was  disagreeable  to  breathe  and  at  times  formed 
clouds  which  darkened  the  whole  room. 

In  the  next  test,  material  containing  8.4  per  cent  moisture  was  sub- 
jected to  a  high  pressure.  The  briquets  were  better  formed  and 
smoother  than  in  the  previous  test  and  were  the  strongest  y^  made 
from  the  lignite. 

In  the  fourth  test  the  material  contained  6  per  cent  moisture,  but 
the  same  high  pressure  was  used.  The  briquets  were  still  better,  being 
well  formed  and  strong.  Another  test,  with  the  material  containing 
only  3.6  per  cent  moisture,  gave  the  best  briquet  obtained  from  this 
fuel.  However,  with  this  low  moisture  content  the  mold  pressure 
was  too  great  for  the  press,  and  after  an  hour's  run  the  main 
bearing  of  the  connecting  rod  became  so  hot  that  the  press  had  to  be 
stopped. 

The  following  table  summarizes  the  essential  data  of  the  tests  made 
with  this  sample  of  lignite : 

Summary  of  testa. 


Test  No. 


FreUmliiary 

Do 

Do 

Do 

Do 

293 

295 

296 


Moisture 
In  briquet 
matenal. 


Percent. 

n.2 

10.0 

8.4 

6.0 

S.6 

8.7 

•7.7 

12.2 


Pressure  in 
mold. 


Low 

High 

.....do. . . . 
do.... 

■   «  ■  a  •!!"•   •    •   a 

do.... 

Very  high. 
do 


Character  of  briquets. 


Focm. 


Good 

Poor 

Good 

.....do.. 

do 

None  made. . . 
Fair 


Strength. 


Weak, 
strong. 
...do.. . 
...do... 
...do.. . 
Good.. 


Weak. 


Presmre  insufficient. 
Briquets  rough. 

Better  than  previous  lot 
Best  lot. 

Material  too  dry. 
Material  too  fine. 


In  the  first  official  test  (293)  the  material  contained  8.7  per  cent 
moisture  and  a  high  pressure  was  applied.  About  61  per  cent  of  the 
material  that  reached  the  press  was  coarser  than  i^  inch,  but  practi- 
cally all  of  this  61  per  cent  passed  through  a  screen  with  ^-inch 
medies.  The  results  indicate  that  it  is  well  to  have  the  material  as 
evenly  sized  as  possible  and  without  much  dust.  If  the  propor- 
tion of  dust  is  excessive,  the  material  does  not  bind  well  and 
blows  out  of  the  mold  when  pressed.  Even  sizing  is  also  desirable 
because  it  permits  even  drying.  The  writer  believes  that  this 
fuel  should  be  crushed  so  that  it  will  all  pass  through  a  ^-inch 
screen,  and  yet  about  60  per  cent  of  it  will  be  retained  on  a  jV-inch 
screen. 
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In  tests  295  and  296  the  dies  were  set  to  ^ve  a  very  high  pressure. 
In  test  296  the  briquet  material  contained  7.7  per  cent  moisture  and 
was  probably  too  dry ;  it  did  not  bind  but  fell  from  the  press  in  the 
form  of  powder,  accompanied  by  clouds  of  dust. 

In  test  296  the  dried  material  had  12.2  per  cent  moisture.  The 
material  probably  contained  too  much  dust,  for  the  briquets  crum- 
bled easily  and  were  not  strong  enough  to  handle. 

Plates  VI  to  XI  show  how  the  briquets  from  tests  293  and  296 
withstood  exposure  to  the  weather. 

This  lignite  was  made  into  excellent  briquets  without  the  addi- 
tion of  any  binder.  The  moisture  content  of  the  dried  material  should 
be  between  8  and  10  per  cent  if  a  moderate  pressure  is  used,  but  only 
about  5  per  cent,  or  even  less,  if  an  extremely  high  pressure  is  used. 
For  best  results  the  writer  recommends  that  the  material  be  pul- 
verized so  that  about  60  per  cent  of  the  particles  are  between  i  inch 
and  ^  inch  in  diameter,  that  it  go  to  the  press  containing  10  per  cent 
moisture,  and  that  the  briquetting  pressure  be  20,000  pounds  per 
square  inch. 

The  best  briquets  made  from  this  fuel  had  strength  enough  to  stand 
handling.  They  took  the  shape  of  the  mold  well,  their  edges  were 
firm,  and  they  had  jet-black,  lustrous  surfaces.  Such  briquets  should 
make  a  satisfactory  steam  or  household  fuel.  No  steaming  tests  were 
made  on  either  the  raw  or  briquetted  lignite.  The  ash  content  (about 
17  per  cent)  of  the  briquets  is  considerably  higher  than  that  of  good 
quality  bituminous  coal. 

Briquetting  this  ligiiite  should  improve  its  heat  value  80  to  40 
per  cent  by  reducing  the  percentage  of  moisture.  On  the  assumption 
that  in  briquetting  the  uncombined  moisture  is  reduced  from  30  per 
cent  to  10  per  cent,  1  ton  (2,000  pounds)  of  raw  fuel  will  make 
1,600  pounds  of  briquets,  or  2,500  pounds  of  raw  fuel  will  make  1 
ton  of  briquet&  The  raw  fuel  has  a  heat  value  of  6,800  B.  t.  u.  per 
pound  and  the  briquetted  fuel  has  a  heat  value  of  9,300  B.  t.  u.; 
therefore  the  fuel  value  of  the  briquets  is  37  per  cent  higher  than 
that  of  the  raw  fuel.  Moreover,  the  briquets  have  the  following 
additional  advantages  over  raw  fuel : 

{a)  Being  of  uniform  size,  they  bum  more  freely  and  give  off  less 
smoke,  a  decided  merit  when  used  as  a  household  fuel  in  a  residence 
district. 

(&)  The  briquets  resist  the  effects  of  the  weather  much  better  than 
the  raw  fuel,  and  therefore  can  be  stored  for  a  longer  time  without 
serious  deterioration.  The  briquets  are  not,  however,  much  more 
waterproof  than  the  raw  fuel,  and  should  be  stored  under  cover; 
there  they  will  remain  in  perfect  condition  for  several  months  at 
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least,  while  the  raw  fuel  under  similar  conditions  will  disintegrate 
rapidly. 

(c)  The  cost  of  transporting  the  briquetted  fuel  should  be  only 
80  per  cent  of  the  cost  of  transporting  enough  raw  fuel  to  furnish 
the  same  heat  value. 

Briquetting  testa. 


Sise  as  shipped 

SUeasused: 

Over*  inch percent 

^inch  to  i inch do.. 

^  inch  to  rs  inch do. . 

A  inch  to  ^  inch do.. 

Through^  inch do.. 

Details  of  mannfactore; 

ICadiine  used 

BrlquettinE  temperature "F 

Binder  used 

Tangent  of  die  angle 

Steam  pressure  on  drier pounds 

Weiditof— 

Fuel  briquetted do. . 

Briquets,  average do. . 

Heat  value  per  pound: 

Fuel  as  received B.t.a 

Briquets do . . 

Moisture  in  briquet  mixture per  cent 

Drop_test  (1-lnch  screen): 

Held do.. 

Passed do. . 

Tumbler  test  (1-inch  screen): 

Held do-. 

Passed do.. 

Fines  through  lO-mesh  sieve do. . 

Weather  test: 

Time  exposed  when  examined days 

Condition  when  examined 


Test  293. 


J"  lump. 

0.5 
30.5 
80.0 
24.5 
14.5 


Test  205. 


i"  lump. 
0.5 

lao 

28.5 
21.0 
32.0 


German.  German. 


90 
None. 

V* 

13 

11,440 
0.9 

7,580 

9,448 

8.73 

44. 

66. 

37. 
63. 

74. 

66 
D 


94 
None. 


15 
None. 


7,995 
*"7*68' 
(«) 


Test  206. 


i'Mump. 

0.5 
l&O 
28.5 
21.0 
32.0 

German. 

101 

None. 

A 
11 

4,840 
0.7 


9.223 
12.17 

(») 
(») 


<*  No  briquets. 

^Briquets  too  weak  for  cohesion  test. 


PROXIMATE  ANALYSES  OP  BRIQUETS. 


Laboratory  No 

Moisture ,. per  cent 

Volatile  matter do.. 

Fixed  carbon do . . 

Ash do.. 

Sulphur do.. 


7.583 

7,623 

8.07 

9.96 

S7.31 

S7.84 

35.87 

35.90 

18.75 

16.21 

1.97 

1.98 

nTTSBUBO  No.  9. 


A  sample  shipment,  3  cars,  of  J-inch  lump  lignite  from  the  Calvert 
mine,  6  miles  west  of  Calvert,  Robertson  County,  Tex.,  was  desig- 
nated Pittsburg  No.  9. 

Gas-producer  tests  181  and  182,  house-heating  boiler  tests  H41 
and  H43,  and  briquet  tests  297,  320,  321,  323,  327,  and  328  were  made 
on  the  raw  lignite. 
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The  following  proximate  analyses  show  the  changes  in  composition 

of  this  lignite  during  transportation  from  the  mine  to  the  plant,  a 

period  of  26  days,  and  in  storage  at  the  plant  for  81  days  until  used 
for  the  last  test.    The  last  column  gives  an  average  of  6  analyses 

made  on  different  dates. 

Proximate  anaHyses  of  lignite  from  near  Calvert,  Tex, 


Ayerage 

of  6 
samples. 


DmCetakea 

lAboretoryNo 

Air-drjiDg  loss per  cent 

Mobtdre do. . 

VoistUe  matter do.. 

Fixed  carbon do.. 

Aah do.. 

Solphur do.. 

itvaloe B.  t.  u 


Sample 

Mine 

Car 

as  used 

sample. 

sample. 

on  last 
test. 

Mar.    6 

Apr.    1 

Jmie  21 

7,408 

7,513 

7,950 

29.30 

25.40 

84.33 

29.02 

23.60 

25.94 

27.60 

29.07 

80.93 

29.37 

3&74 

8.80 

13.41 

11.60 

.95 

.98 

.82 

7,214 

7,040 

8,089 

13.17 
24.01 
29.75 
34.74 
11.50 
.91 
8,021 


Test  297  did  not  yield  any  briquets.  Apparently  the  pressure  in 
the  mold  was  excessive;  there  may  have  been  too  little  moisture  in 
ibe  material  or  the  die  angle  may  have  been  too  great. 

In  test  320  a  high  pressure  was  used.  Thie  briquets  were  poorly 
formed  and  too  weak  to  handle.  The  moisture  content  of  the  ma- 
terial was  evidently  too  high  for  the  pressure  used.  Much  dust  was 
blown  out  around  the  sides  of  each  briquet. 

In  test  821  the  same  pressure  was  used,  but  the  material  was  still 
too  moist  and  no  satisfactory  briquets  were  obtained.  The  briquets 
made  had  poor  forms  and  were  too  weak  to  handle. 

The  material  was  drier  in  test  323  than  in  tests  297,  320,  and  321, 
and  contained  only  3  per  cent  moisture  when  it  reached  the  madiine. 
It  was  also  finer.  This  material,  however,  stalled  the  press.  After 
several  attempts  to  operate  the  machine  the  test  was  stopped  and  the 
material  remaining  in  the  hopper  was  thrown  away. 

In  test  327  the  material  was  dried  less  than  in  test  323,  and  con- 
tained 4.6  per  cent  moisture  when  it  reached  the  machine.  The  dies 
were  changed  so  as  to  give  less  pressure.  The  briquets  obtained  were 
better  than  those  made  in  test  323,  but  although  they  had  good  form 
they  lacked  strength,  and  crumbled  when  handled. 

In  the  next  test  (328)  the  percentage  of  moisture  in  the  briquet 
material  was  raised  to  6.4  per  cent  with  beneficial  results.  The  same 
pressure  was  used  as  in  test  327.  The  briquets  were  the  best  so  far 
obtained,  but  they  were  not  strong  enough  to  handle.  The  test  was 
not  completed,  however,  for  a  strong  steel  brace  having  a  cross  section 
of  3  by  5i  inches  snapped  without  warning  and  put  the  press  out 
of  conmiission  until  another  brace  could  be  forged.  The  tests  were 
suspended  before  other  pressures  could  be  tried. 
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Following  is  a  summary  of  the  most  important  features  of  the  tests 
on  this  sample  of  lignite : 

Summarif  of  tests. 


Test 
No. 

Moisture 
in  biiqaet 
matenaL 

Per  oeitf. 

327... 

4.9 

328... 

6.4 

2»7... 

7.0 

323... 

3.0 

321... 

6.4 

320... 

9.47 

Pressure  In 
mold. 


High. 

do 

do 

Very  high. 


.do. 
.do. 


Character  of  briquets. 


Form. 


Good , 

do , 

None  made.. 
do 


Poor.. 
do. 


StrfBTgth. 


Weak. 
do. 


Weak. 
do. 


Remarks. 


Too  much  moisture. 
Better  than  test  327. 
Too  much  pressure. 
Stalled  machine;  too  little 

and  too  much  jiresBure. 
Too  much  moisture  and  dust 
Do. 


It  will  be  seen  that  the  moisture  content  in  the  briquet  material  ya> 
ried  from  3  per  cent  to  9|  per  cent.  Two  different  pressures  were 
used,  but,  although  some  of  the  tests  gave  briquets  of  good  form,  no 
briquets  were  of  satisfactory  strength. 

To  yield  best  results  with  the  German  machine,  this  lignite  should 
be  ground  so  that  all  of  it  will  pass  a  J-inch  screen,  but  about  60  per 
cent  will  be  retained  by  a  /^p-inch  screen,  and  should  be  dried  till  it 
contains  10  per  cent  moisture.  The  die  angle  should  be  small  enough 
to  give  a  moderate  pressure.  However,  the  indications  are  that  this 
lignite  does  not  contain  enough  natural  binder  to  make  good  briquets 
on  the  German  press,  and  it  should  be  tested  with  a  little  artificial 
binder  on  a  press  similar  to  the  English  machine.  The  writer  is 
inclined  to  doubt  if  this  lignite  can  be  briquetted  at  all  without  the 
addition  of  binding  material.  However,  further  tests  should  be  made 
before  a  final  conclusion  is  reached. 

Briquettmff  teats. 


Test  297. 


Size  as  shipped 

Slse  as  used: 

Over  *  inch per  cent. . 

t^  inch  to  i  Inch do — 

f^  Inch  to  t\r  Inch do — 

Ar  inch  to  ff  inch do — 

Through  j^  inch do — 

Details  of  manufacture: 

Machine  used 

Brlquetttng  temi)erature •  F. . 

Binder  used 

Tangent  of  die  angle 

Steam  pressure  on  drier. pounds. . 

Weightof— 

Fuel  briquetted do 

Briquets,  ayerage do 

Heat  value  per  pound: 

Fuel  as  recdved B.  t.  u.. 

Briquets do 

Moisture  In  briquet  mixture per  cent. . 


J"  lump. 

2.0 
18.0 
30.0 
27.0 
23.0 

German. 

84 

None. 


ft 


None. 


7,  MO 


6.98 


Test  820. 


f "  lump. 

3.0 
23.0 
28.0 
22.6 
23.5 

German. 

100 

None. 


None. 


7,926 

9,574 

9.47 


Test  321. 


I"  lump. 

2.5 
25.0 
28.5 
21.0 
23.0 

German. 

102 

None. 

t 

None. 


8.114 

9,929 

6.40 


Test  323. 


f "  lump. 

2.6 
30.0 
28.5 
20.5 
18.5 

German. 

97 

None. 

ft 

None. 


7,900 


3.0 


Test  327. 


f "  lump. 

2.0 
31.5 
29.0 
19.5 
18.0 

German. 

03 

None. 


ft 


None. 


♦    8,176 
10,028 

4 
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Test  328. 


\"  lump. 

2.0 
30.5 
30.6 
19.0 
18.0 

German. 

116 

None. 


ft 


None. 


8, 


6.4 


BRIQUETTING  TESTS. 


31 


PITTSBTmO  Vo.  11. 

A  car  of  run-of-mine  lignite  from  the  Scranton  Mine,  Scranton, 
Bowman  County,  N.  Dak.,  was  designated  Pittsburg  No.  11.  This 
lignite  had  a  dark-brown  color,  almost  black,  but  became  somewhat 
lighter  colored  after  drying. 

Producer-gas  test  187  and  briquetting  tests  312,  317,  318,  319,  and 
322  were  made  on  the  raw  lignite.  House-heating  boiler  tests  H86 
and  H87  were  made  on  briquets  from  briquetting  test  322. 

The  following  table  shows  the  changes  in  composition  of  this  lig- 
nite during  transportation  from  the  mine  to  the  plant,  a  period  of 
38  days,  and  during  storage  at  the  plant  until  used  for  the  last 
briquetting  test,  a  period  of  50  days.  The  last  column  gives  an  aver- 
age of  5  proximate  analyses  made  on  different  dates : 

Proximate  analyses  of  raw  lignite. 


Dale 

Labontoiy  No 

Air-diTing  loss percent 

Moistixre do.- 

Volattle  matter do.. 

Fixed  cartKHi do.. 

Ash do.. 

Snlpluir do.. 

Heatvahie B.  t.  a 


Mine 
sample. 

Car 

sample. 

Sample 
used  on 
last  test. 

Mar.  20 

Apr.  23 

June  12 

74DQ 

7677 

7942 

36.00 

27.fi0 

22.70 

41.43 

38.81 

32.30 

23.86 

26.48 

18.81 

28.45 

27.29 

40.71 

6.26 

a42 

a  18 

.74 

.97 

.85 

6,241 

6,347 

7,ieo 

Average 

of  6 
samples. 


20.7 
32.68 
26.24 
33.45 
7  62 
.08 
7,243 


Test  312,  of  material  dried  till  it  held  10.6  per  cent  moisture,  fur- 
nished some  fairly  strong  briquets  during  the  latter  half  of  the  run 
when  conditions  had  become  constant.  The  shape  of  these  briquets 
was  good,  their  surfaces  were  smooth,  and  their  edges  were  sharp. 
They  could  be  handled  without  too  much  breakage.  The  best  briquets 
were  made  by  running  the  machine  at  moderate  speed,  about  60  revo- 
lutions per  minute. 

Test  317,  in  which  the  material  was  dried  until  it  contained  11 
per  cent  moisture,  and  the  pressure  was  heavier  than  in  test  312, 
failed  to  produce  satisfactory  briquets.  Those  formed  were  too  weak 
to  handle,  and  crumbled  to  pieces  soon  after  leaving  the  mold.  The 
chemical  analysis  reported  was  made  on  the  broken  briquets. 

Test  318,  in  which  the  material  contained  11.7  per  cent  moisture 
and  the  pressure  was  the  same  as  in  test  317,  furnished  some  fair 
briquets  during  the  latter  part  of  the  run,  but  they  were  not  strong 
enough  to  handle.    As  in  test  317,  pieces  of  briquets  were  analyzed. 

Test  319,  in  which  the  material  contained  15  per  cent  moisture, 
produced  excellent  briquets;  they  had  smooth  surfaces,  sharp  edges, 
and  were  strong  enough  to  bear  handling. 
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The  conditions  during  test  322  differed  from  those  during  test  319 
only  in  the  moisture  content  of  the  material.  The  briquets  were 
strong  and  well  formed,  with  smooth,  polished  surfaces. 

Plates  VI  to  XI  show  how  briquets  from  tests  312,  819,  and  322 
withstood  exposure  to  the  weather. 

This  lignite  was  made  into  good  briquets  without  the  use  of  a 
binder.  Satisfactory  briquets  can  be  made  by  drying  the  ground 
lignite  till  it  contains  11  per  cent  moisture,  and  better  briquets  can 
be  made  if  the  moisture  content  is  about  15  per  cent.  The  indica- 
tions are  that  material  containing  more  than  15  per  cent  moisture  can 
be  worked  on  this  press  and  will  probably  furnish  stronger  briquets 
than  any  mentioned  in  this  report.  Unfortunately  the  control  of  the 
drier  at  the  Pittsburg  plant  did  not  permit  the  material,  if  dried 
at  all,  to  contain  more  than  15  per  cent  moisture.  This  defect  can  be 
remedied,  however,  by  changing  the  proportions  or  the  speed  of  the 
drier. 

Data  relating  to  the  test  made  with  this  lignite  are  summarized 
in  the  table  appended. 

Briquetting  teats. 


Size  as  used: 

Over  i  inch per  cent. . 

A  inch  to  i  Inch do 

ji  inch  to  ^  inch do — 

A  inch  to^  inch do — 

Through  ^  inch do 

Detfldls  of  manufacture: 

Machine  used 

Briquettinf  temperature *  F. . 

Bhider  used 

Tangent  of  die  angle 

Steam  pressure  on  drier pounds. . 

Weigjitof— 

Fuel  briquetted do 

Briquets,  average do 

Heat  value  per  pound: 

Fuel  as  received B.t.u.. 

Briquets do 

Moisture  in  briquet  mixture per  cent. . 

Drop  test  (l-inch  screen): 

Held do 

Passed do — 

Tumbler  test  (1-inch  screen): 

Held - do 

Passed do 

Fines  through  10-mesh  sieve do — 

Weather  test: 

Time  exposed  when  examined days. . 

Condition  whoi  examined 


Test 
312. 

Test 
317. 

Test 
318. 

Test 
319. 

r.  0.  m. 

2.00 
21.00 
28.00 
26.00 
23.00 

German. 

103 

None. 

ft 

7.265 
9.434 
10.60 

42 
58 

86 
64 
66 

66 
E 

r.  0.  m. 

3.00 
29.50 
25.00 
16.50 
26.00 

German. 

98 

None. 

ft 

a  None. 

r.  0.  m. 

1.00 
17.60 
32.50 
22.00 
27.00 

German. 

101 

None. 

2,000 
1.00 

7,510 
9,189 
11.73 

r.  0.  m. 

3.00 
32.00 
29.50 
16.50 
19.00 

German. 

99 

None. 

4,000 
1.03 

7,034 
9,184 
14.96 

44 

56 

43 
67 
66 

66 
B 

7.270 
9,470 
11.06 

Test 
322. 


r.  o.  m. 

L60 
29.00 
29.00 
20.00 
20.60 

German. 

102 

None. 


6,300 
1.07 

7,160 
9.44S 
12.00 

34 
66 

37 
63 
50 

66 
D 


a  The  few  briquets  made  fell  to  pieces  when  handled. 
PROXIMATE  ANALYSES  OF  BRIQUETS. 


Laboratory  No 

Moisture per  cent. . 

Volatile  matter do 

Fixed  carbon do 

Ash do — 

Sulphur do 


7807 

7886 

7893 

7901 

10.76 

10.70 

12.09 

12.48 

38.97 

38.95 

38.11 

38.92 

40.94 

40.69 

39.68 

89.47 

9.33 

9.66 

10.12 

9.13 

1.22 

1.20 

L27 

L90 

7944 

11.03 

36.87 

41.37 

9.83 

1.21 
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PITTSBUEO  Ho.  13. 

This  sample  consisted  of  1  car  of  run-of-mine  lignite  frcMn  the 
Lehigh  mine,  Stark  County,  N.  Dak.  It  was  used  in  making  gas- 
producer  test  184,  and  briquetting  tests  294,  298,  299,  800,  301,  802, 
303,  304,  305,  306,  and  307. 

The  following  table  shows  the  changes  in  composition  of  this  fuel 
during  transportation  from  the  mine  to  the  plant,  a  period  of  12  days, 
and  during  storage  at  the  plant  until  used  for  the  last  briquet  test, 
a  period  of  30  days.  The  last  colimin  is  an  average  of  8  proximate 
analyses  of  samples  used  on  diflferent  dates. 

Proximate  analyses  of  raw  lignite. 


Date  taken. 

Laboratory  No. 

Air-drying  loss percent.. 

Molstoie do.... 

VobtUe  matter do 

Fixed  carbon. do 

Adi do.... 

Salphar do.... 

Heat  TBlue B.  t.  u.. 


Mine 

Car 

Sample  as 
used  on 
last  test. 

sample. 

sample. 

Mar.  29 

Apr.  10 

MaylO 
7752 

7537 

7553 

37.8 

.      34.3 

28.9 

42.04 

40.23 

88.95 

23.40 

24.89 

24.44 

27.67 

28.03 

29.38 

6.89 

6.85 

7.23 

.68 

.62 

.91 

6,079 

6,246 

6,327 

Average 

ofr 
samples. 


28.68 
38.08 
24.86 
29.74 
7.32 
.90 
6,579 


The  ground  and  dried  lignite  used  in  test  294  contained  11  per 
cent  moisture.  It  made  well-formed  briquets  that  had  rather  brittle 
edges  and  cracked  sides.  They  were  strong  enough  to  endure  careful 
handling  and  were  the  strongest  lot  made  from  this  fuel. 

In  tests  298,  299,  300,  301,  302,  303,  and  304  the  moisture  content 
and  the  pressure  were  varied  in  an  endeavor  to  get  the  best  con- 
ditions, but  the  few  briquets  made  were  too  weak  to  handle  and 
were  not  kept. 

In  test  305  the  material  contained  about  15  per  cent  moisture; 
some  of  the  briquets  were  strong  enough  to  endure  careful  handling, 
but  they  were  softer  than  those  from  test  294  and  crumbled  more 
easily.  Apparently  the  material  was  too  coarse  and  contained  too 
much  moisture.  The  briquets  were,  however,  a  great  improvement 
over  those  from  tests  298  to  304,  inclusive. 

Tests  306  produced  some  fairly  good  briquets,  there  being  little 
choice  between  the  lot  and  those  from  test  305.  Apparently  the 
moisture  content  of  the  dried  material  was  too  high.  The  briquets 
crumbled  easily  and  when  struck  gave  a  dull  sound  instead  of  the 
sharp,  metallic  ring  of  good  briquets.  The  briquets  from  tests  305 
and  306  were  mixed  in  storage,  and  the  cohesion  tests  were  made 
from  a  mixed  sample. 

The  briquets  made  by  test  307  had  better  forms  than  those  from 
any  other  test  on  this  fuel,  but  were  not  so  strong  as  those  from 
te^  294,  306,  or  306. 

77776*— Bun.  14—11 3 
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This  lignite  can  be  made  into  briquets  but  further  tests  are  desirable 
to  determine  the  best  conditions.  Fine  grinding  is  a  requisite. 
About  10  to  12  per  cent  moisture  in  the  material  seems  desirable 
and  a  heavy  pressure  is  necessary.  The  proportion  of  natural  binder 
in  the  lignite  being  rather  low,  briquets  made  without  adding  arti- 
ficial binder  are  likely  to  be  weak.  Probably  the  use  of  a  small 
proportion,  perhaps  2  to  4  per  cent,  of  artificial  binder  and  a  different 
type  of  press  would  give  better  briquets. 

Summary  of  briquettinff  tests. 


Site  as  shlraed 

SLm  as  used: 

OvBTilnch peroent.. 

flrincD  to^  incli do 

^  inch  to  ^  inch do — 

X  inch  to^  inch do — 

ThrouRh^lnch do — 

Details  of  manufacture: 

Machine  used : 

Briquetting  temperature 'F.. 

Binder  used 

Tangent  of  die  angle 

Steam  pressure  on  drier pounds.. 

WelKhtof— 

Fuel  briquetted do — 

Briquets,  average do — 

Heat  value  per  pound: 

Fuel  as  received B.  t.  a.. 

Briquets do — 

Mobtore  in  briquet  mixture per  cent . . 

Drop  test  (l-incn  screen): 

Held : do.... 

Passed do — 

Tumbler  test  (1-lnch  screen): 

Held do.... 

Passed do.... 

Fines  through  lO-mesh  sieve do — 


Test  294. 


r.  0.  m. 

0.0 
27.7 
40.0 
22.3 

lao 

Qerman. 

90 

None. 

20 

2,840 
a  776 

6,811 
9,191 
11.13 

26 

76 

30 
70 

67 


Test  298. 


r.  o.  m. 

1.0 
21.0 
31.6 
26.6 
21.0 

Qerman. 

76 

None. 


20 
None. 


0,686 
■'9.'i9 


Test  299. 


r.  o.  m. 

ao 
2ao 

36.0 
26.0 
19.0 

German 

76 

None. 


t 


a  None. 


6,840 


9.88 


Test  300. 


r.  o.  m. 

ao 
2ao 

36.0 
26.0 
19.0 

Qerman. 

75 

None. 


^ 


•  None. 


6,840 


9.88 


Test  SOL 


r«  o.  m. 

a6 

12.0 
2&6 
27.0 
32.0 

Oemum. 

68 

None. 


^ 


a  None. 


6,668 


0.10 


Size  as  used: 

Over  Much percent.. 

t^  inch  to  i  inch do — 

is  inch  to  tW  ^cb do 

lAf  inch  to  £  Inch do — 

Through  ^  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature *F. . 

Binder  use! 

Tangent  of  die  angle 

Steam  pressure  on  drier pounds. . 

Weightof— 

Fuel  briquetted do — 

Briquet,  avwage do 

Heat  value  per  pound: 

Fuel  as  received B.  t.  u. . 

Briquets do — 

Moisture  In  briquet  mixture per  cent. . 

Drop_test  (1-inoh  screen): 

Held 

PlMBMVI 

Tumbler  test  (l-inch  screen): 

Held 

Passed 

Fines  through  lO-mesh  sieve. 


.do. 
.do. 

.do. 
.do. 
do. 


Test  302. 


r.  o.  m. 

0.6 
18.0 
24.0 
26.0 
31.5 

German. 

78 

None. 

6600 


6,586 

9,604 

9.81 


Test  303. 


r.  o.  m. 

0.5 

20.0 
34.5 
25.5 
19.5 

Qerman. 

74 

None. 


it 


»700 


6,397 
9,601 
11.02 


Test  804.    Test  306. 


r.  o.  m. 

0.5 
21.0 
31.5 
24.5 
22.6 

Gennan. 

88 
None. 


ft 


M,950 
0.9 

6,520 
9,684 
11.56 


r.  o.  m. 

2.0 
22.5 
30.6 
21.5 
23.6 

German. 

81 

None. 


1 


1,880 
0.77 

6,906 
8,906 
14.80 

16.00 
84.00 

17.00 
83.00 
60.00 


Test  306. 


r.  o.  m. 

0.8 
21.6 
32.2 
22.6 
23.0 

Gennan. 

85 

None. 


ti 


2,138 
0.77 

6,327 
9,490 
12.12 

16.00 
84.00 

17.00 
83.00 
60.00 


Test  307. 


r.  o.  zn« 

0.8 
21.5 
32.2 
22.6 
23.0 

Gennan. 
102 
None. 

700 
0.82 

6,327 

9.608 

0.20 

6.00 
05.00 

7.00 
03.00 
60.00 


a  The  few  briquets  made  were  too  weak  to  handle. 

b  Briquets  were  scrapped,  as  they  were  too  weak  to  handle. 
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PROXnCATB  ilNAI/YSEB  07  BRIQUETS. 


Test 
294. 

Test 
301. 

Test 
302. 

Test 
303. 

Test 
304. 

Test 
305. 

Test 
306. 

Test 
307. 

7611 

8.56 

37.51 

41.23 

ia.70 

2.24 

7702 

8.30 

37.00 

42.80 

11.90 

1.90 

7708 

10.87 

36.83 

42.71 

9.59 

1.58 

7719 

10.26 

38.79 

42.35 

8.60 

1.12 

7T23 

10.18 

37.82 

43.00 

9.00 

1.21 

7726 

12.10 

35.00 

44.10 

8.80 

1.35 

7755 

11.41 

36.52 

42.55 

9.52 

1.40 

7751 

MfoistiiK.  ...•........«•. 

. .  per  cent. . 

10.29 

Vohtiteiiistter 

Fixed  cartxA 

Ash 

Soipbtir 

do.... 

do 

do.... 

do — 

37.14 

43.93 

8.64 

1.03 

PrCTSBUEO  Vo.  u» 

A  asmple  lot,  8  cars,  of  rnn-of-mine  lignite  from  the  lone  mine, 
at  lone,  Amador  Comity,  Cal.,  was  designated  Pittsburg  No.  14. 

Briquetting  tests  308,  309,  310,  311,  313,  314,  315,  and  329  were 
made  <m  it.  Gas-producer  test  185  and  house-heating  boiler  test  H90 
were  made  on  the  raw  lignite,  and  gas-producer  test  188  and  house- 
heating  boiler  tests  H88  and  H89  were  made  on  the  briquets. 

When  received  at  the  plant  this  lignite  was  light  brown  in  color. 
The  pieces  could  be  easily  polished  by  rubbing  and  had  a  peculiar 
waxy  feel,  like  that  of  soapstone.  It  was  evident  from  a  casual  in- 
spection that  the  lignite  was  rich  in  binding  material.  The  results 
of  subsequent  tests  and  analyses  confirmed  this  fact. 

The  following  table  shows  the  changes  in  composition  of  this  fuel 
after  storage  at  the  plant  for  68  days,  until  used  for  the  last  briquet 
test  The  last  column  gives  the  average  of  proximate  analyses  of 
8  samples  used  for  tests  on  different  dates.    No  mine  sample  was  taken. 


Pro9imai$e  tmalyses  of  raw  Ui^iite. 


No 

\liHlr7lBg  kMB Percent 

Moisture do... 

VolnlllBiMttv do... 

Fixed  carlioD do... 

Ajh do... 

Bnlphtir do... 

~  "       B.t.u 


Sample 

Car 

as  used 

ample. 

onlaat 

test. 

Apr.  23. 

Jane  29. 

7621 

8019 

33.3 

22.7 

39.46 

27.97 

39.60 

34.54 

17.55 

22.66 

13.49 

14.83 

.97 

1.58 

6,060 

7,546 

Average 

of  8 
samples. 


26.09 
34.52 
33.84 
18.61 
13.02 
1.06 
6,764 


In  the  first  test  (808)  of  this  sample  of  lignite,  the  press  worked 
much  more  easily  than  in  the  tests  of  Texas  and  North  Dakota  lig- 
nites. The  dried  material  contained  about  9.75  per  cent  moisture  and 
the  dies  were  set  to  give  a  high  pressure.  The  briquets  had  rough 
surfaces,  especially  at  the  edges,  but  were  of  good  shape.  The  co- 
hesion test  showed  them  to  be  stronger  than  the  briquets  made  from 
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any  other  lignite,  in  fact  they  were  surpassed  in  strength  only  by 
those  made  from  the  same  lignite  in  test  329. 

In  test  309  the  briquets  were  of  excellent  shape  as  they  left  the 
press,  but  on  slight  handling  most  of  them  broke  in  two  along  a 
shearing  plane  that  extended  diagonally  from  one  long  edge  to  an- 
other. Investigation  indicated  that  this  weakness  resulted  from  the 
material  being  too  dry  to  flow  perfectly  in  the  mold. 

In  the  next  test  (310)  the  moisture  content  of  the  briquet  mixture 
was  1  per  cent  higher  (&J  per  cent)  and  the  shearing  was  prac- 
tically eliminated,  although  there  were  still  some  signs  of  it.  On 
account  of  this  defect  none  of  the  briquets  from  tests  309  and  310 
were  saved;  the  pieces  were  scrapped,  and  no  cohesion  tests  were 
made. 

Test  311  was  made  to  see  if  weathering  injured  the  briquetting 
qualities  of  this  lignite.  The  material  used  had  been  spread  on  the 
ground  back  of  the  briquet  building  for  22  days  and  had  become  fine 
slack.  In  comparison  with  the  car  sample  the  only  change  shown 
by  proximate  analysis  was  a  smaller  percentage  of  moisture.  Ap- 
parently the  weathering  did  not  affect  the  briquetting  qualities  at  all, 
for  the  test  produced  briquets  having  good  shapes  and  surfaces  and 
satisfactory  strength. 

In  test  313  the  moisture  in  the  briquet  material  was  a  little  over 
9  per  cent,  and  a  set  of  dies,  ground  to  give  a  very  heavy  pressure, 
was  used.  The  briquets  were  the  weakest  of  any  made  from  this 
lignite.  Their  lack  of  strength  may  have  resulted  in  part  from  the 
dies  being  new,  since  dies  work  better  after  being  polished  by  use. 

Tests  314  and  315  were  made  to  determine  if  better  briquets  could 
be  obtained  by  passing  the  undried  material  through  a  screen  having 
■^-inch  openings.  The  undried  material  for  test  314  was  not  screened, 
but  that  for  315  was  screened.  With  the  same  steam  pressure  in  the 
drier,  the  dried  material  contained  14.6  per  cent  moisture  in  test  314 
and  only  10.13  per  cent  in  test  315.  The  two  lots  of  briquets  had 
satisfactory  strength,  but  both  the  drop  and  tumbler  tests  showed 
that  the  screened  material  made  the  stronger  briquets,  the  gain  in 
strength  being  12  per  cent  by  the  drop  test  and  26  per  cent  by  the 
tumbler  test.  The  two  lots,  however,  did  not  differ  much  in  gen- 
eral appearance,  both  being  well  formed  and  smooth. 

Test  329  furnished  the  best  lot  of  briquets  made  from  this  lignite. 
There  was  10  per  cent  moisture  in  the  briquet  material ;  the  pressure 
used  was  high,  but  lower  than  in  tests  313, 314,  and  315.  The  briquets 
had  well-polished  surfaces,  and  were  the  strongest  made  from  any 
of  the  lignites  named  in  this  report.  A  "cohesive  strength"  of  71 
per  cent  was  shown  by  the  drop  test  and  68  per  cent  by  the  tumbler 
test. 
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This  lignite  briquets  very  easily,  since  it  contains  more  than  enough 
natural  binder.  Weathering  to  slack  does  not  reduce  its  briquetting 
properties  appreciably.  Excellent  briquets  were  made  with  the 
German  press  by  drying  the  ground  lignite  till  it  contains  from  8^ 
to  15  per  cent  moisture.  The  best  briquets  will  be  obtained  when  the 
material  is  ground  so  that  all  of  it  passes  a  ^-inch  screen  and  40  per 
cent  passes  a  ^-inch  screen,  when  it  contains  10  to  12  per  cent  mois- 
ture, and  when  it  is  subjected  to  a  moderately  high  pressure.  An  ex- 
tremely high  pressure  does  not  give  the  best  results  and  increases 
the  cost  of  briquetting.  The  right  pressure  can  be  had  by  using  a  set 
of  dies  so  ground  that  the  tangent  of  the  die  angle  is  ^7. 

The  following  is  a  summary  of  the  principal  features  of  the  tests 
on  this  sample: 

Summary  of  tests. 


Tttt 

MoistuzB 

in 

briquet 

material. 

Pressnroln 
mold. 

Character  of  briquets. 

Remarks. 

No. 

Form. 

Strength. 

308 

PereenL 

9.74 

7.78 

8.51 

7.68 

9.14 

14.61 

10.13 

10.00 

High 

Good 

Very  good 

Weak 

Sides  slightly  cracked. 

309 

...."Ido 

Excellent 

Good 

310 

do 

Good 

No  shearing  evident. 

311 
313 

do 

V^ry  h||rh-.. 

do 

do 

do 

Fair 

Material  too  dry. 
Do. 

814 
315 
329 

'^*^J,  ••«6»» 

do 

do 

Tllgh. 

Very  good 

do 

ExoeUent 

Very  good 

do 

Excellent 

In  laboratory  experiments  a  mixture  of  this  lignite  with  25  and 
with  50  per  cent  of  a  Pittsburg  coal  made  excellent  briquets,  and  fur- 
ther tests  should  be  made  with  the  mixture  on  the  German  machine. 
Patents  have  been  granted  for  utilizing  the  natural  binder  of  certain 
lignites  to  briquet  mixtures  of  these  lignites  with  bituminous  coal 
slack,  and  thus  produce  a  fuel  superior  to  either  constituent  without 
using  artificial  binder.  Anthracite  screenings  can  be  used  in  place 
of  the  bituminous  slack,  and  the  substitution  of  such  screenings  would 
lessen  the  production  of  smoke  in  stoves  or  under  boilers. 

Preliminary  results  from  gas-producer  tests  of  raw  and  briquetted 
samples  of  this  lignite  showed  that  the  consumption  of  fuel,  as  fired 
per  hour  per  brake  horsepower  developed,  was  4.06  pounds  for  the 
raw  lignite' and  only  2.84  pounds  for  the  briquets.  The  relative  effi- 
ciency of  the  raw  and  the  briquetted  lignite  as  boiler  fuel  was  roughly 
shown  by  house-heating  boiler  tests  H88,  H89,  and  H90.  Each  pound 
of  raw  lignite  evaporated  2.82  pounds  of  water  from  and  at  212°  F., 
and  each  pound  of  briquets  evaporated  3.23  pounds. 

The  briquets  resisted  weathering  well ;  samples  showed  little  change 
after  exposure  for  several  months  to  autumn  and  winter  weather  (see 
Pk  VI  to  XI). 
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Briquetting  tests. 


Test 
806. 

Test 
809. 

Test 
310. 

Test 
311. 

Teat 
813. 

Test 
314. 

Test 

815. 

Test 
829. 

8ixe  as  shipped 

r.am. 

2.0 
18.6 
81.0 
28.6 
26.0 

Qennan 
102 
None. 

ft 

6,878 
0.88 

6,422 
9,227 

9.74 

68 
82 

68 
82 

68.6 

66 
A 

r.  0.  m. 

8.6 
21.0 
83.0 
24.0 
18.6 

OcRnsD 
06 
None. 

ft 

al,790 
a86 

6,829 
10,138 

7.78 

& 
(•) 

r.am. 

2.0 
1&6 
29.0 
24.6 
26.0 

Qeiman 
86 
None. 

ft 

2,467 
a90 

6,666 
9,704 

8.61 

r.am. 

8.0 
1&6 
82.6 
216 
24.5 

Oerman 

91 
None. 

ft 

8,407 
0.86 

7,090 
9,734 

7.68 

62 
48 

48 
62 

66.6 

66 
A 

r.am. 

6.6 
29.0 
23uO 
17.5 
24.0 

Oerman 
92 
None. 

ft 

2,916 

6,646 
9,800 

9.14 

28.00 
72.00 

66 
B 

r.am.  r.o.m. 

10.0         6.0 
83.0       29.0 
21.6        28.6 
14.6        16.5 
21.0        210 

Oennan  Qennan 
104          96 
None.    None. 

13,087      8,804 
L06        1.02 

6,646      6,491 
8,942      0,131 

14.61     lais 

60           08 
60           88 

88           04 

02           86 

40           4&6 

66           06 

A            A 

r.am. 

SixeasusMu 

Over  i  Inch percent.. 

^Inchtoiinch do 

^inch  to -^ Inch do 

jijinch  to  j^  inch do 

Through^  inch do.... 

Details  of  manulBcture: 

Machine  used 

&0 

29.0 

aa.0 

l&O 
24.0 

Ckrman 

Briquetting  temperature . . . .  *  F . . 
Binder  used 

107 
None. 

Tangent  of  die  angle 

Steam  pressure  on  drier.poazidf. . 
Welghtof— 

Fuel  brtquetted do.... 

Briquets,  average do. . . . 

Heat  vahie  per  pound: 

Fuel  as  received B.  t.a.. 

Briquets do.... 

Moisture    in    briquet    mixture, 
per  cent.. 

9,000 
0.02 

7,646 
9,187 

laoo 

Drop  test,  1-inch  screen: 

Held percent.. 

Passed do 

Tumbler  test,  1-lnoh  screen: 

Held do.... 

Passed do. . . . 

71 
20 

68 
32 

Fines   through   10-mesh   sieve, 
per  cent.....  ••• 

68L6 

Weather  test: 

Time    exposed    when     exam- 
ined .  T days 

66 

Condition  when  examined ...'... 

A 

a  BrlqueU  scrapped  on  aooount  of  diagonal  cracks  In  them. 


PROXIMATE  ANALYSES  OF  BRIQUETS. 


Laboratory  No Peroent.. 

Moisture do 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur do 


7774 

9.07 

46.63 

25.01 

19.39 

L83 


7767 

6.66 

43.99 

82.80 

16.55 

L70 


7773 

7.86 

47.53 

27.01 

17.61 

1.66 


7776 

7.34 

49.04 

25.97 

17.65 

1.61 


7846 

9.17 

46.28 

26.75 

17.80 

1.48 


7861 
12.66 
44.95 
24.50 
17.80 

1.24 


7864 
10.40 
46.60 
26.31 
17.60 

1.47 


8018 

0.82 

46.48 

24.64 

19.16 

hTI 


TESTS  ON  THE  LADLET  PRESS. 


The  briquetting  section  had  an  opportunity  to  make  tests  of  this 
lignite  with  the  Ladley  briquetting  press  of  the  Indianapolis  Pressed 
Fuel  Co.,  Indianapolis,  Ind.  The  press  was  of  the  rotary  plunger 
type  and  had  two  rows  of  molds,  108  molds  in  each  row,  arranged  in 
the  heavy  rim  of  a  wheel.  The  machine  exerted  a  pressure  of  5,000 
to  6,000  pounds  per  square  inch.  The  United  States  Geological 
Survey  furnished  the  lignite,  which  was  dried  in  the  Schulz  drier 
till  it  contained  6.79  per  cent  moisture  and  then  shipped  to  Indian- 
apolis. 

The  tests  were  made  as  follows :  Enough  of  the  dried  material  to 
make  two  or  three  briquets  was  heated  in  an  iron  pail.  One  mold  was 
filled  as  full  as  possible  by  hand ;  the  material  was  then  packed  in 
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th^  mold  with  a  round  bar  and  a  sledge  hammer,  and  the  mold  was 
again  filled  and  tamped.  Then  the  machine  was  started  and  the 
briquet  was  formed  and  ejected. 


METHOD  OF  HEATING  THE  MOLDS. 


Hot  molds  were  needed  for  these  tests,  but,  although  the  molds  on 
this  machine  had  steam  jackets,  the  steam  piping  was  disconnected  to 
keep  any  water  that  might  be  pocketed  in  the  rim  from  freezing,  so 
it  was  necessary  to  heat  the  molds  in  another  way.  In  the  first  test 
a  red-hot  iron  was  put  in  a  mold  for  some  time.  In  the  other  tests  a 
gasoline  torch,  which  gave  a  more  even  heat,  was  used. 


METHOD  OF  HEATING  LIGNITE. 


In  tests  1, 4,  5,  6, 7,  8,  and  9  each  pailful  of  the  material  was  heated 
by  dry  steam  from  the  nozzle  of  a  hose,  the  steam  being  taken  from 
the  dome  of  the  boiler.  The  steam  escaping  from  the  nozzle  wa^ 
slightly  superheated,  and  although  the  loss  of  heat  from  radiation  was 
relatively  large,  the  lignite  could  be  heated  to  a  temperature  of 
208°  F.  The  length  of  the  heating  was  from  one  to  two  and  a  half 
minutes;  the  temperatures  obtained  were  from  194°  to  208L°  F.  In 
tests  2,  3,  and  10  the  material  was  heated  over  a  forge  fire  before 
pressing. 

SHAPE  AND  WEIGHT  OF  BRIQUETS. 

The  briquets  had  a  cylindrical  shape  and  were  2^  inches  in  diameter 
and  3  inches  tong.  The  weight  of  a  briquet  varied  from  10  to 
10^  ounces. 

The  analyses  of  the  briquet  material  before  and  after  drying,  and 
of  the  briquets  made  from  material  heated  by  the  two  methods  de- 
scribed, are  given  in  the  following  table: 

Analyses  of  lignite  and  briquets. 


Moisture Per  cent 

Volatile  combustible do. . . 

Fixed  carbon do. . . 

Ash do... 

Sulphur do . . . 

HeatTalue B.  t.  u 


Material. 

Briq 

Material 

Before 

After 

heated 

drying. 

drying. 

by  live 
steam. 

39.46 

6.79 

13.37 

29.50 

48.72 

44.36 

17.55 

23.49 

23.48 

13.49 

21.00 

18.79 

.97 

1.86 

1.54 

6,080 

9,126 

8,662 

Material 

heated 

by  forge 

fire. 


4.47 
47.43 
20.23 
21.87 

1.82 
0,538 
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The  principal  details  of  the  tests  are  summarized  as  follows : 

Details  of  teats  J  to  10  on  the  Ladley  press. 


Heating  of  material. 

Test 
No. 

Method  used. 

Time  of 
heating. 

Temperature 
of  material  be- 
fore pressing. 

Quality  of 
briquets 
obtained. 

Itemarks. 

1 

2 
3 

Steam  Jet 

Forge  Are 

do 

Min. 
(«) 

I' 

(a) 

(») 

199 

199 

208 
205 
194 
176 
212-230 

Poor:  too  soft 

and  dustv. 

Poor;  too  dry. 

Fair 

Mold  too  cold. 

Water  added  before  heating  to  replace 

4 

Steam  jet 

....  .do. ........ 

Oood 

evaporation. 
Improvement  made. 
Moid  too  cold. 

5 

Fair 

0 

do 

Good 

Satisfactory  briquet. 

«7 

do 

Excellent 

do 

Oood 

Do. 

8 

do 

Do. 

9 

do 

Forge  fire 

Do. 

10 

Excellent 

Do. 

a  Not  noted. 
b  Not  taken. 
c  A  test,  7A,  was  made  under  same  conditions  as  test  7  on  the  following  day. 

The  briquets  made  in  tests  7  and  10  had  a  satisfactory  appearance, 
their  surfaces  being  smooth  and  hard  and  their  edges  sharp  and  firm. 
The  briquets  from  test  7  had  fewer  surface  cracks  than  those  from  test 
10,  although  both  lots  were  smooth  enough.  With  steam  in  the  steam 
jackets  the  molds  would  be  hotter  and  the  results  might  be  even  better. 

The  condensation  of  the  steam  used  for  heating  the  material  in  test 
10  increased  the  moisture  content  of  the  material  and  of  the  resulting 
briquets.  For  this  reason  the  briquets  from  that  test  had  a  lower  heat 
value  than  those  from  test  7,  in  which  the  material  was  heated  over  a 
forge  fire. 

The  tests  demonstrated  that  without  added  binding  material  at  least 
one  American  lignite  could  be  made  into  good  briquets  in  an  Ameri- 
can  press. 

STOVE  AND   GRATE  COMBUSTION  TESTS  OF  BBIQUETS. 

OBJECT  OF  TESTS. 

'  Combustion  tests  of  briquets  of  this  California  lignite  were  made 
at  Pittsburg,  Pa.,  in  a  range  and  in  an  open  heating  grate.  The  ob- 
ject of  these  tests  was — 

1.  To  study  the  behavior  of  the  briquets  in  the  fire  and  note :  (a) 
Whether  they  fell  to  pieces  before  they  were  consumed ;  (6)  the  length 
of  flame;  {c)  the  quantity  of  smoke. 

2.  To  determine  the  completeness  of  combustion  as  shown  by  the 
percentage  of  combustible  matter  in  the  refuse. 

TESTS   IN   A  BANOE. 

The  range  used  for  the  test  was  owned  by  Mr,  Dietz,  an  employee 
of  the  United  States  Geological  Survey.  It  had  Dockash  grates  with 
openings  one-half  inch  wide,  and  could  bum  hard  or  soft  coal.  In 
the  first  trial,  the  attempt  was  made  to  bum  the  briquets  under  the 
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same  conditions  as  the  Pittsburg  coal  regularly  used.  Some  of  this 
coal  was  mixed  with  the  briquets,  however,  and  the  fire  box  was  filled 
so  high  that  proper  combustion  was  impossible.  For  the  next  trial, 
most  of  the  coal  was  raked  from  the  fire  box,  and  a  fire  gradually 
buUt  with  briquets  alone.  The  results  were  excellent.  It  was  claimed 
that  the  briquets  gave  a  better  fire  than  the  best  Pittsburg  coal. 

Briquets  were  added  at  half-hour  intervals.  The  fire  did  not 
require  much  poking,  but  it  was  raised  slightly  with  a  slice  bar  when 
it  packed  too  much  at  the  bottom.  This  slicing  did  not  cause  ex- 
cessive loss  of  unburned  material  through  the  grate,  as  was  showli  by 
the  results  of  the  test. 

In  five  hours  32  briquets,  or  32  pounds  of  fuel,  were  burned.  The 
refuse  weighed  8  pounds  and  was  therefore  25  per  cent  of  the  fuel 
as  fired.  An  analysis  of  the  briquets  showed  the  ash  content  to  be 
19.16  per  cent. 

Analysis  of  the  refuse  or  "  ashes  "  gave  the  following  results : 

Moisture 2. 52 

Combustible  matter 33. 05 

Ash    (actual) 64.43 

Only  one-third  of  the  refuse  was  combustible  matter,  and  since  the 
refuse  was  25  per  cent  of  the  fuel  fired,  the  loss  of  combustible 
through  the  grates  was  33.05X25=8.3  per  cent  of  the  coal,  or  11.5 
per  cent  of  the  combustible  fired.  This  loss  of  8.3  per  cent  is  low 
for  a  kitchen  stove,  which  at  best  does  not  bum  fuel  with  high  eflB- 
ciency,  and  compares  favorably  with  the  percentage  of  loss  for  good 
bituminous  coal  burned  in  such  a  stove. 

The  proximate  analyses  of  the  briquets  and  of  the  refuse  from  the 
kitchen-stove  and  the  heating-grate  tests  compare  as  follows : 

Proximate  analyses  of  briquets  and  of  refuse  from  kitchen-stove  and  heating- 
grate  tests. 


- 

Briquets. 

Refuse  from— 

Material. 

Kitchen- 
stove 
test 

Heating- 
grate 
test. 

Moisture 

per  cent. . 

0.82 
46.48 
24.54 
19.16 

1.77 
9,187 
71.02 

2.52 

0.77 

Volatile  matter 

do.... 

Fixed  carbon • 

do.,.. 

Ash 

....do.... 

64.43 

72.60 

Sulphur 

do.... 

Heat  value 

n«»r  fipnt 

Combustible  matter 

33.05 

26.63 

TESTS  IN  A  HEATING  OBATE. 


Through  the  courtesy  of  the  quartermaster's  office,  the  author 
obtained  the  use  of  a  heating  grate  in  one  of  the  vacant  buildings  on 
the  arsenal  grounds  at  Pittsburg,  Pa.,  for  testing  the  combustion  of 
the  briquets  in  a  heating  grate.    The  grate  was  24  inches  wide,  9 
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inches  deep  at  the  center,  and  slightly  less  at  the  sides.  The  grate 
bars  were  of  cast  iron.  The  bottom  bars  ran  from  the  back  to  the 
front  and  were  spaced  1  inch  apart. 

A  fire  Was  started  in  the  grate  with  paper  and  a  little  wood,  upon 
which  were  placed  25  pounds  of  briquets,  or  enough  to  fill  the  grate 
to  the  top. 

A  thermometer  was  hung  on  the  outside  of  the  building  and 
another  on  the  wall  of  the  room  about  4  feet  in  front  of  and  to  one 
side  of  the  fire  and  about  2  feet  above  the  level  of  the  grate. 

The  temperatures  taken  were  not  expected  to  furnish  data  of 
interest*  The  main  object  of  the  tests  was  to  note  the  combustion 
of  the  briquets  and  whether  the  economic  results  obtained  were  better 
than  from  tests  under  steam  boilers. 

Observations  on  grate  test. 


Time. 

Temperatore. 

Weight 

of  fuel  as 

fired. 

Outside. 

Inside. 

OjSOs.  m 

37 
37 
36 
34 
31 
80 
29 

•  F, 
51 
56 

67 
•  65 
64 
60 
66 

Pottndt. 
25 

9.45  s.m 

20 

10^  a.  m 

20 

12  noon 

35 

l^p.m «      

0 

4p.m 

0 

_ •^        •■»* 

6p.m 

0 

a  Drop  of  temperature  caused  by  opening  an  ontalde  door. 

No  fuel  was  added  to  the  fire  after  12  noon.  At  5  p.  m.,  after 
burning  five  hours  without  attention,  the  fire  was  practically  burned 
out^ 

The  table  shows  that  in  seven  and  one-half  hours  100  pounds  of 
briquets  were  fired,  giving  24  pounds  or  24  per  cent  of  refuse. 

After  the  briquets  were  well  ignited  they  burned  freely — in  fact, 
too  freely  for  heating  a  room  in  moderate  weather — but  after  they 
had  burned  an  hour  and  a  half  the  ash  partly  closed  the  open 
spaces  between  the  grate  bars  and  the  fire  became  about  right  for 
moderately  cold  weather. 

The  briquets  burned  with  a  bright  yellow  flame,  much  cleaner 
than  the  smoky  flame  from  some  bituminous  coals,  and  the  chimney 
showed  only  a  slight  yellowish  smoke  even  directly  after  firing 
fresh  fuel.  The  fire  was  unpleasantly  hot  to  the  face  at  a  distance  of 
8  feet.  No  unpleasant  odor  could  be  detected  in  the  room,  though 
the  gases  from  burning  lignite  have  a  characteristic  odor  and  irritate 
the  eyes  and  nose. 

The  combustible  in  the  refuse  was  only  26.63  per  cent,  and  as 
there  was  24  per  cent  of  refuse,  the  loss  of  fuel  through  the  grate 
bars  was  approximately  6  per  cent  of  the  total  fuel  fired.  This 
loss  is  no  greater  than  from  a  coking  coal  burned  under  the  same 
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o(mditi<ms.  The  loss  through  the  grate  of  the  kitchen  range  was 
approxmiately  8  per  cent,  or  2  per  cent  more  than  through  the  fire- 
place grate.  The  latter  grate  had  wider  spaces  between  the  grate 
bars,  but  the  fire  in  it  did  not  need  raking,  while  some  raking  of  the 
kitchen  range  grate  was  necessary. 

The  loss  in  both  grates,  however,  was  less  than  anticipated.  Tlie 
lignite  used  is  noncoking  and  one  would  naturally  expect  from  it 
a  largra*  loss  of  unbumed  material  through  the  grate  than  from  a 
caking  coal. 


CONCLUSIONS. 


From  the  observed  results  of  these  combustion  tests  the  following 
cfMidnsions  may  be  drawn : 

The  briquets  ignite  readily,  make  a  hot  fire,  and  burn  freely  until 
consumed. 

Little  shaking  or  poking  of  the  fire  is  needed  to  obtain  maximum 
efficiency  from  the  fuel. 

The  loss  of  unbumed  fuel  through  the  grates,  6  to  8  per  cent, 
is  not  excessive  and  could  be  reduced  by  using  step  grates,  or  grates 
with  narrower  spaces  between  the  bars. 

A  grate  measuring  8  by  24  inches  is  big  enough  for  heating  a 
large  room  with  these  briquets. 

Under  the  test  conditions  little  smoke  was  made;  this  smoke  was 
light  yellow  and  would  not  be  offensive  in  residential  districts. 

The  briquets  should  prove  a  satisfactory  domestic  fuel,  and  if  they 
can  be  produced  cheaply  enough  should  compete  with  other  fuels  for 
steam  production. 

PITTSBirKO  No.  15. 

A  sample  consisting  of  one  car  of  8-inch  lump  lignite  from  the 
McClure  mine,  Vanjierwalker,  Ward  County,  N.  Dak.,  was  desig- 
nated Pittsburg  No.  15. 

Briquetting  tests  324,  325,  326,  and  330  were  made  on  it,  but  no 
gas-producer  or  steaming  tests. 

The  changes  in  composition  of  the  fuel  during  transportation  from 
the  mine  to  the  plant,  a  period  of  14  days,  and  during  storage  at  the 
plant  for  73  days,  are  shown  below.  The  figures  in  the  last  column 
represent  an  average  of  3  analyses  made  on  different  dates. 

Proximate  analyses  of  rato-fuel  lignite. 


Datetsken 

Laboratory  No 

AJr-dryiDg  Ion percent.. 

Moirture do.... 

Volatile  matte do.... 

Ffzad  carbon do — 

Aah do.... 

Sn^ihiir do — 

HoatTahie B.  t.  u.. 


Mine 
sample. 


Apr.  3 
7587 
28.90 
86.64 
22.64 
30.74 

.45 
6,394 


Car 
sample. 


Apr.  17 
7631 
25.60 
34.30 
23.10 
29.93 
13.67 
.52 
6,284 


Sample 

as  used 

on  last 

test. 


June  29 

8020 

18.30 

29.09 

27.13 

34.88 

8.90 

.56 

7,385 


Average 

of  3 
samples. 


15.83 
27.94 
27.12 
34.99 
9.96 
.54 
7,864 
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Dried  lignite  containing  7.4  per  cent  moisture  was  used  for  tests 
324  and  325.  In  test  324  a  set  of  dies,  used  in  test  323,  gave  the 
heaviest  pressure  the  machine  would  stand.  The  material  stalled  the 
machine,  the  end  of  a  stamp  broke,  and  no  briquets  were  made.  An- 
other set  of  dies  giving  less  pressure  was  used  for  test  325  on  the 
same  lot  of  material.  The  material  would  not  work  satisfactorily, 
however,  with  this  set  of  dies,  and  after  several  attempts  the  test  w»b 
stopped  and  the  rest  of  the  lignite  in  the  hopper  was  thrown  away.  . 

The  next  lot  of  ground  lignite,  dried  to  contain  10.8  per  cent  mois- 
tuie,  was  used  for  test  326.  No  briquets  were  made  and  the  material 
came  out  of  the  press  in  a  loose  form.  The  lignite  evidently  lacked 
binding  properties,  a  defect  that  was  confirmed  by  extraction  tests 
made  later.  Another  test  (330)  was  made  on  a  lot  of  material  dried 
to  contain  11.6  per  cent  moisture,  but  no  briquets  were  formed. 
Similar  results  were  obtained  on  tests  326  and  330.  No  further  tests 
could  be  made  on  this  lignite  at  the  time. 

The  lignite  evidently  does  not  contain  enough  binding  material  to 
give  briquets  on  the  German  press.  Without  doubt  it  can  be  suc- 
cessfully briquetted  by  adding  a  binder  and  using  a  press  made  to 
work  with  a  binder.  It  is  desirable  to  make  further  tests  of  this 
lignite,  first  on  the  laboratory  hand  press  and  afterwards  on  the 
English  machine  belonging  to  the  Bureau  of  Mines. 

Briqvettinff  tests. 


Test  324. 


Site  as  shipped 

Size  as  used: 

Over  i  inch percent. 

■ft  inch  to  i  inch do 

j^  to  ^  Inch do... 

^  inch  to  ^  inch do 

Through  ^  inch do. . . , 

Details  of  manufocture: 

Machine  used , 

Briquettins  temperature •  F. . 

Binder  used , 

Tangent  of  die  angle , 

Steam  pressure  on  drier pounds. , 

Weightof— 

Fuel  briquetted do. . . 

Briquets,  average do 

Heat  value  per  pound: 

Fuel  as  received B.  t.  u. . 

Briquets do... 

Moisture  in  briquet  mixture. . ' per 'cent. 


3"  lump. 

1.5 
28.0 
30.0 
20.5 
20.0 

German.* 
83 
None 


None. 


7,738 


7.40 


Test  325. 


3"  lump. 

1.5 
28.0 
30.0 
20.5 
20.0 

German. 

93 

None. 


None. 


7,738 

"'7.' 46 


Test  326. 


3"  lump. 

2.0 
30.0 
29.5 
18.6 
20.0 

German. 

93.6 

None. 


None. 


6,970 
"i6.*86 


Test  330. 


3"  lump. 

1.0 
30.0 
28.0 
19.0 
22.0 

German. 

in 

None. 


None. 


7,386 

iileo 
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MGNITES  BRIQUETTED   WITHOUT  ARTIFICIALr  BINDER. 

The  following  were  the  samples  of  lignite  from  which  satisfactory 
briquet^  were  made  on  the  German  press  without  adding  a  binder: 


Field  designation. 


Pittsburg  No.  8 . . 
Pittsburg  No.  11 . 


Situation  of  mine. 


Field  designation. 


Lytic,  Medina  County,  Tex. 
Scranton,  Bowman  County, 
N.Dak. 


Pittsburg  No.  13  a. 
Pittsburg  No.  14.. 


Situation  of  mine. 


I^high,    stark   Coupty,    N. 
Dak. 
lone,  Amador  County.  Col. 


o  Difficult  to  briquet. 


BRIQUETS  AT  BEGINNING  OF  WEATHERING  T 


R  EXPOSURE  FOR  I*  DAYS. 


B.     BRlQUErS  AFTER  EXPOSURE  Fi 


.    BRIQUETS  AFTER  EXPOSURE  FOB  4*  DAVS. 


.     BfilQUETS  AFTER  EXPOSURE  F' 


B.    BRIQUETS  AFTER  EXPOSURE  Fi 


R  EXPOSURE  FOR   1 


B.     BRIQUETS  AfTER 
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Of  these  samples,  that  from  California  was  the  most  easily  briquet- 
ted;  that  from  Scranton,  Bowman  CJounty,  N.  Dak.,  ranked  next; 
that  from  Lytle,  Medina  County,  Tex.,  ranked  third ;  and  that  from 
Lehigh  Mine,  Stark  County,  N.  Dak.,  ranked  fourth. 

The  fact  that  no  satisfactory  briquets  were  made  from  Pittsburg 
Nos.  7,  9,  and  15  without  a  binder  does  not  show  that  these  lignites, 
with  added  binder,  will  not  make  good  briquets,  and  further  tests 
must  be  made  with  such  binders  as  coal-tar  pitch,  water-gas  pitch, 
sulphite  pitch,  and  some  form  of  starch  before  a  final  opinion  can  be 
given  as  to  briquetting  qualities. 

It  is  worthy  of  note  that  each  of  the  States  from  which  the  samples 
caQie — Texas,  North  Dakota,  and  California — furnished  at  least  one 
sample  that  made  satisfactory  briquets  without  the  addition  of 
artificial  binder.  This  fact  is  encouraging,  since  it  indicates  that 
many  American  lignites  may  equal  German  lignites  in  briquetting 
qualities  and  that  some  may  make  better  briquets. 

VALUE  OF  EXTRACTION  TE8TB. 

The  writer  wishes  to  emphasize  the  value  of  an  extraction  test  as 
a  reliable  indicator  of  the  briquetting  qualities  of  any  lignite.  The 
results  of  extraction  tests  of  the  lignites  mentioned  in  this  bulletin 
bear  such  close  relation  to  the  results  of  the  briquetting  tests  that  the 
writer  feels  warranted  in  stating  that  a  lignite  containing  IJ  per 
cent  or  more  matter  soluble  in  carbon  bisulphide  can  probably  be 
briquetted  on  a  press  of  the  German  type  without  the  aid  of  artificial 
binder. 

COST  OF  BRIQUETS. 

The  tests  described  apparently  show  that  the  cost  of  briquetting 
run-of-mine  lignites  with  a  German  plant  would  be  from  $1.35  to 
$1.75  per  ton,  according  to  the  location  of  the  plant. 

On  the  assumptions  that  the  plant  costs  $56,000;  that  it  is  to  be 
located  at  the  mine ;  is  to  run  2  shifts  of  10  hours  each,  or  20  hours  per 
day ;  and  is  to  have  a  capacity  of  50  tons  of  briquets  per  day  of  20 
hours,  the  costs  figure  out  as  follows : 

COBT    OF   LIGNITE. 

In  1907  the  average  price  per  ton  of  lignite  at  the  mine  was :  *  In 
California,  $2.74 ;  in  Texas,  $1.01 ;  and  in  North  Dakota,  $1.61.  The 
average  cost  of  mining  coal  in  the  United  States  ^  may  be  taken  as 
90  per  cent  of  the  price  at  the  mine ;  for  the  three  States  named  the 
average  cost  of  lignite  at  the  mine  would  then  be :  Texas,  90  cents  per 
ton;  North  Dakota,  $1.45;  and  California,  $2.46. 

•Parker,  E.  W.,  The  production  of  coal  In  1907.  U.  S.  Geological  Survey,  Mineral 
Beeonrces  1008,  pp.  100,  157,  and  187. 

»  Finlay,  J.  B.,  The  cost  of  mining.     1900,  p.  68. 
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COST  OF   MANUFACTCTBE. 

The  cost  of  briquetting  may  be  subdivided  as  follows : 

1.  Labor  for  2  shifts  of  10  hours  each : 

1  superintendent,  at  $3  per  day (3.00 

2  machine  operators,  at  $2.50  per  10  hours 5. 00 

8  laborers,  at  $2  per  10  hours 16. 00 

Total  labor  per  day  for  50  tons  of  briquets 24. 00 

Labor  cost  per  ton  of  briquets,  48  cents. 

2.  Depreciation  and  maintenance  (10  per  cent  on  machinery,  5  per  cent  <m 

buildings)  per  day  for  50  tons 10.00 

Per  ton  of  briquets,  S2  cents. 

3.  Interest  on  investment  (8  per  cent  per  year  on  |66,000)  per  day  for 

50  tons 15. 00 

Per  ton  of  briquets,  30  cents. 

4.  Power,  12^  tons  lignite  per  day,  or  one-fourth  ton  lignite  per  ton  of 

briquets  made,  this  item  varying  for  different  localities. 

The  fixed  charges  (items  2  and  3)  thus  amount  to  62  cents  per 
ton,  which,  plus  the  labor  charge,  48  cents,  equals  $1.10  per  ton. 

In  the  three  States  named  the  items  of  labor,  fixed  charges,  and 
power  (at  mines)  would  show  these  totals: 

Texas: 

Labor  and  fixed  charges $1. 10 

One-fourth  ton  lignite  for  power,  at  90  cents  per  ton .  23 

Total 1. 33 

North  Dakota : 

Labor  and  fixed  charges 1. 10 

One-fourth  ton  lignite  for  power,  at  $1.45  per  ton .  36 

Total 1.46 

California : 

Labor  and  fixed  charges 1.10 

One-fourth  ton  lignite  fbr  power,  at  |2.46  per  ton .62 

Total 1.72 

TOTAL  COST. 

On  the  basis  of  the  figures  given,  the  cost  per  ton  of  briquets  at 
the  mine  would  be  as  follows: 

Texas : 

1.32  tons  lignite  (33  per  cent  moisture)  for  1  ton  briquets $1.1S 

Briquetting  costs 1. 33 

Total 2.51 

North  Dakota : 

1.43  tons  lignite  (40  per  cent  moisture)  for  1  ton  briquets 2. 07 

Briquetting  costs 1. 46 

Total 3.63 
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California : 

1.43  tons  lignite  (40  per  cent  moisture)  for  1  ton  briquets $3. 52 

Briquettlng  costs 1. 72 

Total 5.24 

To  recapitulate,  the  cost  per  ton  of  briquets,  loaded  on  cars,  from 
a  briquet  plant  at  the  mine  would  be,  in  Texas,  $2.51;  in  North 
Dakota,  $3.53 ;  and  in  California,  $5.24. 

It  must  be  borne  in  mind  that  these  figures  are  only  approximate 
and  are  subject  to  wide  changes  because  of  local  conditions.  They 
apply  to  briquetting  run-of-mine  lignite  to  improve  its  heat  value 
and  weather-resisting  properties  rather  than  to  briquetting  slack  or 
waste  coal.  Since  the  tests  have  shown  that  at  least  some  lignites 
slacked  by  exposure  to  the  weather  can  be  made  into  excellent 
briquets,  it  may  be  possible  to  utilize  lignite  slack  as  well  as  bitu- 
minous slack  and  anthracite  screenings  for  briquetting,  the  two 
latter  materials  having  been  made  into  briquets  on  a  commercial  scale 
both  in  this  country  and  abroad. 

Nystrom*  gives  the  labor  cost  of  briquetting  lignite  for  plants 
with  one  press,  45.4  cents  per  ton;  two  presses,  40  cents;  three  presses, 
36.4  cents;  four  presses,  31  cents;  five  presses,  27.3  cents;  and  six 
presses,  22.3  cents  per  ton.  He  further  states  that  "As  the  wages  in 
Canada  are  higher  [than  in  Germany]  this  cost  [of  labor  in  a  plant 
with  one  press]  is  assumed  to  be  60  cents  per  ton."  He  estimates  the 
depreciation  as  5  per  cent  per  year  and  the  maintenance  as  3  per  cent 
and  the  cost  of  a  complete  plant  with  one  press  and  a  yearly  capacity 
of  13,000  tons  as  $75,000.  Therefore  his  estimate  of  the  charges  for 
depreciation  and  maintenance  is  8  per  cent  of  $75,000,  or  $6,000  per 
year,  46  cents  per  ton.  Hence  the  cost  of  labor  and  fixed  charges, 
according  to  his  estimate,  is  about  $1.06  per  ton,  which  agrees  very 
closely  with  the  writer's  estimate  of  $1.10  per  ton. 

In  a  consular  report  *  the  cost  per  long  ton  of  briquetting  lignite 
in  Germany  is  stated  as  follows: 

Co8i  of  manufacture  of  ligtUte  triquets. 


Description. 


From  Ignite  taken  from  the  open  working  under  good  conditions,  with  water  contents  of 
aboat  46  per  cent: 

In  targe  briquet  factories 

In  small  briqnet  tactories 

From  lignite  taken  from  the  open  working,  with  water  contents  of  more  than  46  per  oen^ 

in  large  briquet  factories 

From  lignite  taken  from  the  deep  working,  with  water  contents  up  to  46  per  cent: 

In  large  briquet  factories 

In  small  briquet  factories 

Fran  Ugnite  taken  from  the  deep  working,  with  water  contents  of  more  than  46  per  cent, 
Ui  lai^  briquet  tectorles 


United  States 
currency. 


fl.  14-11.29 
1.19-  1.38 

1.38-  1.62 

1. 31-  1. 62 
1.62-  1.74 

1.66-  1.86 


•Nyatrom,  B.,  Peat  and  lignite;  their  manufacture  and  uses  in  Europe:  Bulletin  of 
Canada  Department  of  Mines,  Mines  Branch,  1908,  p.  147. 
*  Special  Conaular  Reports,  No.  26,  1003,  p.  107. 
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In  the  case  of  materials  containing  from  15  to  18  per  cent  water,  for  which 
a  drying  process  is  not  necessary,  the  cost  of  manufacture  is  naturally  consid- 
erably lower. 

As  the  cost  of  labor  is  at  least  25  per  cent  higher  in  the  United 
States  than  it  is  in  Germany,  and  as  the  cost  of  fuel  is  higher  also, 
the  above  figures  are  too  low  for  American  practice,  though  they  are 
useful  for  comparison. 

Robert  Schorr,*  referring  to  the  German  lignite  industry,  states: 

The  raw  brown  coal  costs  from  22  to  31  cents  per  metric  ton  (2,204  pounds) 
at  the  works.  The  fixed  charges,  allowing  7  per  cent  for  depreciation  and  5  per 
cent  for  Interest  upon  the  total  investment,  amounts  to  about  $1.30  per  metric 
ton  of  briquets.  The  wholesale  price  f.  o.  b.  works  ranges  from  $16  to  $23 
per  carload  of  10  tons.  The  labor  item  rarely  exceeds  24  cents  per  metric  ton 
(2,204  pounds)  in  small  (one  or  two  press)  installations.  All  other  manufactur- 
ing items,  exclusive  of  fuel  and  fixed  charges,  are  fully  covered  by  from  8  to  11 
cents  per  ton.  In  view  of  the  relatively  small  output  of  these  expensive  presses, 
and  in  view  also  of  the  elaborate  character  of  German  briquetting  works,  the 
fixed  charges  (depreciation  and  interest)  are  high.  The  largest  brown-coal 
company  owns  20  briquetting  plants  with  52  presses.  There  are  a  number  of 
other  concerns  operating  from  8  to  42  presses.  Only  a  few  factories  employ  less 
than  4  machines. 

ADVANTAQES  OF  BBIQTJETS  COMPABED  WITH  RAW  LIQNITB. 

HEATING  VALUE. 

The  following  table  shows  how  the  heating  value  of  lignite  is 
increased  by  the  removal  of  moisture  during  briquetting : 

Improvement  of  heat  value  by  hriquettinff. 


Field  designation. 

Moisture. 

Heat  value,  per  pound. 

Source. 

In  raw 
lignite. 

In  bri- 
quets. 

'  Re- 
moved. 

RawUg- 
nite. 

Briquets. 

Increase. 

TwxfKi 

Pittsburg  No.  8... 
PUtaburgNo.il.. 
Pittsburg  No.  13.. 
Pittsburg  No.  14.. 

Percent. 
33.0 
40.0 
42.0 
40.0 

Percent. 

0.0 
12.0 
10.0 
10.0 

Per  cent. 
24.0 
28.0 
32.0 
30.0 

B.t.u. 

6,840 
6,241 
6,079 
6,080 

B.t.u. 
9,336 
9,364 
9,355 
9,264 

Percent. 
36.6 

North  Dakota 

Do 

fi0.0 
64.0 

California 

62.4 

Of  the  four  samples  of  raw  lignite  named  in  the  table,  the  three 
containing  about  40  per  cent  of  moisture  had  a  fuel  value  of  6,079 
to  6,241  B.  t.  u.,  while  the  Texas  lignite,  with  a  moisture  content  of 
33  per  cent,  had  a  fuel  value  of  6,840  B.  t.  u.  The  percentage  of 
moisture  removed  in  the  process  of  briquetting  ranged  from  24  to  32 
per  cent,  and  the  heat  value  of  the  briquets  was  36.5  to  54  per  cent 
higher  than  that  of  the  raw  lignites. 

Excessive  moisture  in  fuel  not  only  causes  a  waste  of  useful  heat 
during  combustion,  because  the  moisture  is  vaporized  and  the  vapor 

•  Schorr,  Robert,  Lignite  briquetting  In  Germany ;  Eng.  and  Mln.  Jour..  toU  85,  1908, 
pp.  400-461. 
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superheated,  but  also  is  a  source  of  expense  to  tiie  consumer,  who 
pays  freight  charges  on  useless  water.  For  both  these  reasons 
lignite  briquets  have  the  advantage  over  raw  lignite.  In  the  case  of 
one  of  the  North  Dakota  lignites  the  removal  of  32  per  cent  of 
moisture  during  briquetting  permits  a  decided  lessening  of  the  cost 
of  supplying  a  consumer  with  a  given  nimiber  of  heat  units.  The 
advantage  of  the  briquets  in  this  respect  is  of  especial  importance 
when  transportation  to  a  distant  market  is  involved.  If  the  briquets 
possessed  no  other  advantage  over  raw  lignite  than  their  higher  heat 
value,  they  would  be  worth  60  per  cent  more  than  the  raw  fuel.  The 
table  shows  that  the  heat  value  of  the  briquets  was  about  9,300  B.  t.  u., 
although  the  lignites  came  from  three  States  and  their  fuel  values 
varied  considerably. 

RESISTANCE  TO  WEATHEKENO. 

The  results  of  the  weathering  tests  indicate  that  the  lignite  briquets 
resist  weathering  much  better  than  the  raw  fuel.  Some  samples  of 
briquets  after  exposure  to  autumn  and  winter  weather  for  four 
months  were  in  nearly  as  good  condition  as  at  first  Samples  stored 
under  cover  did  not  show  any  signs  of  deterioration  after  six  months, 
although  the  raw  lignite  stored  under  the  same  conditions  turned 
to  slack  in  two  months. 

RESISTANCE  TO   HANDLING. 

The  briquets  bear  handling  better  than  the  raw  lignite.  Their 
superiority  is,  of  course,  more  striking  after  the  lignite  and  the 
briquets  made  from  it  have  been  stored  for  several  weeks. 

EFFICrBNCY  AS  FUEL. 

Preliminary  results  of  producer  gas  and  steaming  tests  indicate 
that  as  gas-producer  fuel  the  briquets  were  43  per  cent  more  efficient, 
and  as  boiler  fuel  were  14.5  per  cent  more  efficient  than  the  raw 
lignite. 

MGNITE-BRIQUET  MANUFACTURE  IN  GERMANY. 

The  following  description  of  lignite  briquet  manufacture  in  Ger- 
many,* though  written  several  years  ago,  is  reprinted  here  for  the 
information  it  gives. 

It  has  been  repeatedly  stated  that  the  outward  cleanliness  of  Berlin  and 
other  German  cities  is  principally  due  to  the  general  consumption  of  brown- 
coal  briquets  for  household  and  steam  fuel ;  further,  that  they  are  made  from 
ordinary  German  lignite  without  the  use  of  tar  or  other  artificial  binder ;  that 
they  are  compact  to  store,  clean  to  handle,  easy  to  kindle,  burn  with  a  clear, 

•From  Briquets  as  fael  in  foreign  countries;  Special  Consular  Reports,  No.  26,  1903, 
p.  93. 
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strong  flame,  are  cheaper  than  good  bituminous  coal,  and  are  made  practically 
smokeless.  Lignite  varies  in  its  value  and  adaptability  for  briquetting  pur- 
poses according  to  its  geologic  age,  hardness,  and  the  percentage  of  water 
contained.  A  lignite  with  less  than  30  per  cent  of  water  is  very  difficult  to 
work  by  the  usual  processes,  and  it  is  for  this  reason  that  Austria-Hungary, 
which  has  an  abundance  of  very  old  and  hard  brown  coal  that  contains  from 
26  to  28  per  cent  of  moisture,  has  practically  no  supply  of  briquets  from  that 
source.  German  lignite,  on  the  other  l^nd,  is  of  much  more  recent  formation ; 
it  contains  from  46  to  52  per  cent  of  water,  and  is  usually  so  soft  that  it  can 
be  cut  with  a  spade.  Many  lignite  beds  in  this  country  are  filled  with  logs  and 
pieces  of  wood,  so  well  preserved  in  the  matrix  of  partially  carbonized 
material  that  they  bum  readily  and  form  a  cheap  and  abundant  fuel  for  steam 
and  other  heating  at  the  briquet  factories.  The  part  played  by  the  water  con- 
tained in  lignite  forms  the  key  to  the  whole  economic  briquetting  process. 
The  crude  brown  coal  is  brought  from  the  mine,  crushed  and  pulverized,  and 
then  run  through  a  large  revolving  tubular  cylinder,  heated  by  exhaust  steam 
from  the  driving  engine,  and  hung  on  an  inclined  plane  so  that  tlie  powdered 
materia]  runs  downward  through  the  tubes  by  gravity  and  is  carried  into  the 
machine  press  that  stamps  it  into  briquets.  During  this  passage  through  the 
cylinder  it  is  dried  and  heated  until  there  remains  the  right  proportion  of 
moisture,  combined  with  the  proper  temperature  to  develop  the  latent  bitumen 
in  the  lignite  and  make  the  powdered  mass  plastic  and  easy  to  mold  under 
heavy  pressure  between  heated  iron  jaws  into  a  hard,  clean  briquet,  with  a 
glistening  surface  and  sufficient  firmness  of  structure  to  stand  weather,  trans- 
portation, and  other  contingencies.  To  do  this  perfectly  and  economically,  the 
natural  lignite  should  contain,  as  it  comes  from  the  mine,  approximately 
enough  water  so  that  heating  to  the  proper  temperature  for  pressing  will 
evaporate  out  Just  sufficient  water  to  leave  it  at  the  proper  degree  of  moisture. 
The  ideal  proportion  Is  about  45  per  cent  of  water,  so  that  German  lignite  con- 
tains rather  too  much,  while  Austrian  contains  much  tbo  little,  though  this  latter 
difficulty  has  lately  been  partially  overcome  by  steaming.  The  important  question 
to  be  now  decided  Is  how  American  lignite  will  fulfill  these  requirements. 

During  the  past  six  weeks  samples  of  lignite  from  near  Bismarck,  N.  Dak.,  and 
from  Troy,  Ala.,  have  been  received  at  this  consulate,  turned  over  to  the  syn- 
dicate mentioned  in  the  last  report,  and  molded  experimentally  into  briquets  with 
entire  success.  The  Dakota  lignite  is  old  and  hanl,  contains  38  per  cent  of 
water,  but  crushes  and  pulverizes  easily,  and  forms  without  binder  briquets  of 
firm  structure,  which  bum  readily,  are  practically  smokeless,  and  leave  only  4 
per  cent  of  ash,  while  the  best  German  brown-coal  briquets  yield  from  0  to  12 
per  cent  of  inorganic  residue.  The  percentage  of  water  contained  is  rather  low, 
but  by  adapting  the  heating-drying  process  to  that  proportion  of  moisture  this 
obstacle,  such  as  it  is,  can  be  easily  met,  and  the  reduced  task  of  evaporation 
will  be  an  economy  in  the  general  process. 

The  Alabama  lignite,  on  the  other  hand,  is  an  ideal  material,  anil  from  the 
one  sample  submitted  is  conceded  here  to  be  even  superior  to  the  standard  brown 
coals  of  Germany.  It  contains  the  direct  percentage  of  moisture,  crushes  easily, 
and  molds  readily  into  firm,  shining,  black  briquets,  so  clean  that,  as  one  of  the 
exi)erts  at  Magdeburg  said,  "  They  might  be  used  for  paper  weights." 

The  importance  of  these  simple  demonstrations  will  be  inferred  from  the  fact 
that,  according  to  a  recent  State  geological  report,  there  are  55,000  square  miles 
of  lignite  l)eds  in  the  Dakotas  and  Montana,  all  near  the  surface  of  the  ground, 
and  ranging  in  thickness  from  20  to  SO  feet.  The  extent  of  the  lignite  deposits 
in  the  Gulf  States  is  perhaps  less  exactly  known,  but  they  certainly  cover  a  large 
area.    There  is  also  lignite  in  Missouri,  Iowa,  and  several  other  Western  States 
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and  Territories,  and  it  is  from  all  those  hitherto  practically  neglected  deposits 
tlutt  an  inexhaustible  future  supply  of  smokeless  domestic  fuel  will  be  derived. 

It  will  therefore  be  of  interest  to  state  concisely  what  constitutes  a  first-class, 
up-to-date  lignite-briquet  factory  in  Germany,  where  the  industry  has  reached, 
after  many  years'  experience,  its  highest  development  A  typical  example  is  the 
factory  at  Lauchhammer,  about  80  miles  south  of  Berlin,  on  the  direct  line  to 
Dresden.  This  establishment,  which  is  of  the  latest  nnd  most  approved  construc- 
tion, has  eight  presses,  with  the  necessary  pulverizing,  heating,  and  drying  plant, 
ran  by  electric  motors,  with  current  generated  by  steam  evaporated  with  wood 
from  the  mines,  the  whole  under  handsome,  substantial  buildings  of  brick,  stone, 
and  iron,  and  cost,  with  tracks,  switches,  and  full  equipment  for  handling  raw 
material  and  loading  the  briquets  into  cars,  $371,000,  of  which  $178,500  was  paid 
for  machinery.  Each  press  weighs  32  metric  tons  and  stamps  out  100  to  200 
briquets  per  minute,  or  70  tons  in  a  double-turn  day's  work  of  20  hours.  The 
heating  and  drying  apparatus  for  each  press  weighs  IS  tons.  The  power  required 
for  each  press  and  drier  is  125  horsepower,  and  both  the  driers  and  Jaws 
of  the  press,  between  which  the  briquets  are  squeezed  at  enormous  pressure, 
are  heated  by  exhaust  steam  from  the  Corliss  engine  in  the  power  house,  the 
whole  supply  for  the  eight  machines  being  equivalent  to  about  150  horsepower. 

Thus  equipped  the  plant  at  Lauchhammer  turns  out  from  500  to  600  tons  of 
briquets  per  day,  which  sell  on  cars  at  the  factory  for  from  7  to  9  marks  ($1.66 
to  $2.14),  according  to  season  and  market,  with  an  average  of  8  marks  ($1.90) 
p^  1«000  kilograms,  or  metric  ton  of  2,204  pounds.  Profits  depend-  on  the 
usual  varying  conditions,  location,  management,  demands,  etc.,  but  it  is  com- 
mon to  read  in  the  Berlin  papers  ofiicial  notices  announcing  dividends  of  brown- 
coal  briquet  companies  ranging  from  15  to  20  per  cent  of  their  capital. 
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SULPHITE  PITCH  AS  A  BINDER. 

QEKEBAL  STATEmBNT. 

In  the  development  of  the  briquetting  industry  many  patents  have 
been  obtained  for  binding  materials,  but  only  a  few  binders  have  been 
found  practicable  for  conmiercial  use.  Among  these  may  be  men- 
tioned coal  tar,  coal-tar  pitch,  water-gas  pitch,  and  asphalt  pitch. 

A  new  binding  material  called  "  sulphite  liquor "  also  has  been 
suggested  for  briquetting,  but  more  recently  a  product  called  "  sul- 
phite pitch,"  obtained  from  this  sulphite  liquor,  has  attracted  con- 
siderable attention  and  apparently  possesses  valuable  properties  as 
a  binder.  Hence  a  brief  description  of  this  new  material  is  here 
given. 

SULPHITE  LIQUOR. 

In  the  sulphite  process  of  preparing  pulp  for  paper  making  the 
wood  is  boiled  under  pressure  with  sulphurous  acid,  or,  more  com- 
monly, with  acid  sulphite  of  calcium  and  magnesium.  The  action  of 
sulphurous  acid  under  pressure  and  at  a  high  temperature  upon  the 
lignin  and  other  incrusting  matters  of  the  wood  fiber  is  probably  a 
hydrolysis;  that  is,  the  complex  molecules  of  the  lignin,  etc.,  are 
broken  down  and  the  resulting  products,  largely  organic  acids  and 
aldehydes,  become  soluble  in  the  liquor. 

The  waste  liquors  are  light  brown  in  color  and  contain  much  matter 
extracted  from  the  wood.  Until  recently  they  had  no  commercial 
value  and  their  proper  disposal  was  often  a  serious  matter;  they 
polluted  streams  into  which  they  were  emptied,  and  under  certain 
conditions  killed  the  fish  in  these  streams.  It  has  been  suggested  they 
may  furnish  materials  for  making  oxalic  or  pyroligneous  acids,  or 
alcohol,  and  investigations  have  been  carried  on  to  devise  methods  of 
utilizing  them. 

SULPHITE   PITCH. 

Several  patents  have  been  obtained  in  this  country  and  abroad  for 
converting  the  waste  liquors  into  fertilizers,  adhesive  material,  or 
other  commercial  products,  but  the  most  promising  way  of  utilizing 
them  at  present  seems  to  be  by  making  a  concentrated  product  known 
as  "sulphite  liquor,"  or  a  solid  form  known  as  "sulphite  pitch" 
or  "  cell  pitch  "  (selpech). 
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The  method  of  preparing  sulphite  liquor  or  cell  pitch  from  the 
waste  lyes,  according  to  W.  Sembritski,  manager  of  the  Walsum  Paper 
Mills,  on  the  Rhine,  is  as  described  below : 

At  the  Walsum  factory  the  evaporation  of  waste  sulphite  liquors 
to  a  solid  pitch,  which  is  used  for  briquetting  blast-furnace  dust, 
promises  to  develop  into  a  profitable  industry.  The  liquors  have  a 
specific  gravity  of  1.05  and  an  acidity,  calculated  as  sulphur  dioxide, 
of  0.32  per  cent.  The  thick  sirup,  density  35°  B.,  from  the  evaporators 
0.32  per  cent.  The  thick  arup,  density  35°  B.,  from  the  evaporators 
has  the  following  composition :  Water,  28.88  per  cent ;  insoluble  mat- 
ter, 13.96  per  cent;  extract,  57.16  per  cent;  tanning  matters,  22.96 
per  cent;  nontannins,  34.24  per  cent.  The  solid  cell  pitch  contains: 
Water,  13.76  per  cent;  soluble  extract,  86.60;  tanning  matters,  31.84 
per  cent;  nontannins,  54.76  per  cent.  The  nontannins  of  the  sirup 
consist  of  organic  matter,  24.76  per  cent ;  mineral  matter,  9.44  per 
cent.  The  nontannins  of  the  cell  pitch  consist  of  organic  matter, 
36.08  per  cent;  mineral  matter,  18.68  per  cent. 

If  the  evaporators  are  made  of  iron,  it  is  necessary  to  neutralize 
the  acidity  of  the  liquor  with  lime  before  concentration,  and  the 
incrustation  of  the  tubes  with  calcium  compounds  is  somewhat 
troublesome.  If  copper  evaporators  are  used,  the  liquors  may  be 
concentrated  in  their  acid  state.  If  the  concentrated  liquor  is  to  be 
used  for  briquetting  flue  dust,  the  author  thinks  that  neutralization 
with  lime  is  essential  to  the  proper  working  of  the  briquets  in  the 
blast  furnace.  If,  on  the  other  hand,  the  concentrated  liquors  are 
intended  for  tanning  purposes,  neutralization  is  a  drawback,  as  the 
calcium  compounds  make  the  leather  brittle. 

The  success  of  the  Walsum  experiments  is  attributed  in  large  part 
to  the  sextuple-effect  Kestner  evaporator  used.  Each  effect  has  a 
heating  surface  of  55  square  meters;  the  first  vessel  is  heated  with 
steam  at  3  to  4  atmospheres  and  the  boiling  point  in  the  last  effect  is 
50°  C.  The  liquor  requires  about  three  hours  to  reach  a  concentration 
of  35°  B.  The  sirup  is  converted  into  solid  pitch  by  two  steam- 
heated  drums  which  dip  below  its  surface.  The  first  drum  concen- 
trates the  sirup  from  36°  B.  to  60°  B. ;  the  second  converts  it  into  a 
solid  film,  which  is  removed  with  a  scraper.  Ten  kilograms  of  waste 
lye  yield  1  kilogram  of  dry  substance.  Tlie  fuel  consumption  is 
i-eckoned  at  1  ton  of  coal  per  ton  of  pitch.  It  is  stated  that  a  selling 
price  of  $9.50  a  ton  would  show  a  good  profit. 

The  pitch  has  the  appearance  of  black  opaque  resin,  but  is  quite 
soluble  in  water.  It  is  used  as  a  binder  for  fuel  and  ore  briquets. 
By  its  use  the  dust  from  blast  furnaces,  containing  40  per  cent  of 
iron  and  hitherto  a  waste  product,  has  been  formed  into  briquets  for 
resmelting.  It  has  also  been  used  as  a  dressing  for  coarse  canvas,  etc. 
Large  quantities  of  the  sulphite  liquor,  having  a  density  of  about 
85°  B.,  are  shipped  from  Germany  to  England  in  iron  drums.    The 
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liquor  is  used  in  England  as  a  binder  for  the  sand  coiies  and  molds 
used  in  casting,  and  is  sold  there  at  $12.50  a  ton. 

SULPHITE  FITCH  IN  GEBMANY. 

In  a  report,  made  in  1909,  George  E.  Eager,  United  States  consul 
at  Barmen,  Germany,*  discussed  the  merits  of  sulphite  pitch  in  some 
detail.  He  stated  that  sulphite  pitch  possesses  many  qualities  which 
make  it  an  excellent  binding  agent.  It  is  intensely  glutinous  and  its 
binding  power  is  high.  According  to  Mr.  Eager,  in  briquetting 
bituminous  coal  from  7  to  10  per  cent  of  coal  tar  is  needed  to  give 
briquets  of  the  proper  firmness,  but  the  same  results  can  be  obtained 
by  the  use  of  5  per  cent  of  sulphite  pitch  and  some  kinds  of  coal  or 
ore  that  can  be  briquetted  by  using  only  2  to  8  per  cent  of  it. 

Mr.  Eager  further  says  that  sulphite  pitch  burns  without  smoke 
or  odor  and  is  an  ideal  fuel  for  the  household,  as  well  as  for  indus- 
trial purposes.  The  use  of  briquets  made  with  this  sulphite  pitch 
will  help  solve  the  smoke  question  in  cities.  Coke  briquets  made  with 
this  new  binder  have  been  tried  in  blast  furnaces  and  on  torpedo 
boats  with  promising  results.  Ocean  liners,  war  ships,  railway 
engines,  and  factories  could  all  use  this  fuel  to  advantage  and  not 
only  economize  in  the  amount  of  fuel  necessary,  but  relieve  cities 
from  the  smoke  nuisance. 

Sulphite  pitch,  says  Mr.  Eager,  does  not  soften  under  heat  and 
burns  at  a  high  temperature.  It  can  be  ground  to  any  consistency  or 
can  be  produced  directly  in  any  form  of  powder;  it  can  be  had  in 
every  country  where  there  are  cellulose  mills,  and  it  is  very  cheap. 
Anthracite  briquets  for  household  use,  manufactured  with  sulphite 
pitch,  bum  without  smoke  or  odor;  therefore,  they  are  not  only  an 
excellent  substitute  for  the  anthracite  nuts,  but  are  even  superior  to 
them. 

Regarding  other  uses  of  sulphite  pitch  and  its  composition,  the 
report  states : 

Recent  trials  to  briquet  coke  gravel  and  dross,  the  remainder  of  coke  (hither- 
to useless),  with  tar  pitch  have  proved  failures,  but  the  situation  changed 
Immediately  as  soon  as  sulphite  pitch 'was  used  as  the  binding  agent,  and  the 
results  show  a  briquet  that  can  be  considered  a  perfect  substitute  for  coke. 
Practical  trials  of  these  briquets  in  both  blast  and  cupola  furnaces  have  shown 
that  the  briquets  do  not  fall  to  pieces  under  the  highest  temi)erature,  but  bum 
while  graduaUy  shrinking.  On  account  of  their  consistence  they  enter  deeply 
Into  the  melting  zone  of  the  furnace,  thereby  naturally  contributing  materially 
to  the  melting  effect.  Fine  ore,  bog-Iron  ore,  brown  ore,  manganese  ore,<oxlde, 
furnace  cadmia  (iron  dust  from  blast  furnaces),  and  other  ores  can  aU  be 
briquetted  by  the  use  of  sulphite  pitch  and  successfully  melted  in  the  furnace. 
All  trials  of  briquetting  the  above  materials  with  coal-tar  pitch  have  failed,  be- 
cause the  binding  agent  burned  away  at  a  lower  temperature,  leaving  the  ma- 
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terlal  In  dust  as  before.  With  sulphite  pitch  it  is  possible  to  briquet  furnace 
cadmia  so  that  it  can  be  melted  in  a  blast  furnace.  This  alone  means  a  great 
saving  to  the  iron  industry. 

In  general,  sulphite  pitch  consists  of  the  following  substances:  Fixed  carbon, 
25  to  35  per  cent ;  volatile  matter,  60  to  60  per  c^it ;  ash,  8  to  12  per  cent ;  and 
water,  10  to  15  per  cent 

The  latest  chemical  tests  have  proved  that  the  percentage  of  ash  can  be 
materially  reduced.  Through  the  origin  of  sulphite  pitch  its  ashes  contain 
sulphur  up  to  20  per  cent,  or  2.5  per  cent  of  the  sulphite  pitch.  The  sulphur, 
however,  is  tied  up  to  iron  and  lime,  which  latter  substances  are  always  pres- 
ent in  abundance,  so  that  the  sulphur  remains  in  the  ashes  and  can  not  do  any 
damage.  It  is  true  that  sulphite  pitch  can  be  dissolved  in  water,  and  that 
briquets  made  from  it  are  not  waterproof ;  but  this  is  of  no  great  importance  as 
in  most  cases  a  waterproof  briquet  is  not  needed.  The  sulphite-pitch  briquet 
is,  however,  more  waterproof  than  the  lignite  briquet,  the  making  of  which 
has  become  a  flourishing  industry.  The  sulphite  briquet  is  not  hygroscopic,  and 
can  be  made  absolutely  waterproof,  if  it  is  necessary,  by  a  simple  special 
treatment. 

The  production  of  sulphite  pitch,  as  well  as  its  use  in  the  process 
of  briquetting,  call  for  special  processes  and  machinery  which  have 
taken  years  of  expensive  experiment  to  successfully  develop,  and  both 
the  material  and  its  use  for  briquetting  are  patented  in  all  the  princi-' 
pal  countriea 

It  is  not  supposed  that  sulphite  pitch  will  in  any  way  interfere 
with  coal-tar  pitch  in  its  use  for  briquetting  soft  bituminous  coals, 
but  the  superiority  of  sulphite  as  a  binding  agent,  making  possible 
the  briquetting  of  harder  coals  and  cokes,  also  iron  dust  and  other 
ores,  opens  up  a  new  and  very  important  industry. 

THE  FOLLACSEX  BEIQUETTING  PB0CES8. 

Richard  Moldenke,  consulting  engineer  on  coking  practice,  Bureau 
of  Mines,  furnishes  the  following  information  about  the  PoUacsek 
briquetting  process: 

The  PoUacsek  briquetting  process  which  employs  the  waste  liquor 
of  the  sulphite  paper-making  process  as  the  binder  has  been  adopted 
by  the  Hungarian  Government  for  its  collieries,  and  that  Government 
has  erected  the  machinery  for  the  first  plant. 

It  is  estimated  that  a  plant  producing  10  tons  daily  will  cost  about 
$5,000,  and  that  the  cost  of  operation  in  the  United  States  will  not 
exceed  60  cents  a  ton,  and  may  be  as  low  as  40  cents  in  favored  places. 

Size  of  the  coal. — ^Fine  coal  or  slack  is  used,  pieces  above  a  quarter 
of  an  inch  being  crushed.  Such  crushing  is  necessary  because  any 
large  pieces  of  coal  would  be  shattered  in  the  molds  of  the  press,  and, 
since  there  would  be  no  binder  between  the  shattered  fragments,  the 
briquets  would  not  be  strong  enough  to  stand  transportation. 

The  binder. — ^The  inventor  has  a  process  in  which  the  waste  liquor 
of  the  pulp  mills  may  be  reduced  to  a  dry  powder  for  convenienc?  in 


66  BMQUETTING  TESTS  OF  LIGNITfi. 

transportation  or  evaporated  to  a  sirup.  Unquestionably  the  in- 
ventor must  first  neutralize  the  free  acid  and  separate  it  by  precipita- 
tion. In  the  United  States  this  removal  of  free  acid  is,  and  has  been 
for  several  years,  accomplished  in  a  commercial  way  by  the  use  of 
lime.  The  evaporated  sulphite  liquor  has  a  sirupy  consistency  and 
considering  its  price  and  efficiency  is  the  best  core  binder  for  foundry 
use  known  to-day. 

It  is  probable  that  about  the  same  method  of  removing  free  acid 
is  used  in  the  Pollacsek  process;  but  the  evaporation  is  completed  to 
make  the  weight  of  the  product,  for  cheapness  of  transportation,  as 
small  as  possible.  In  view  of  the  fact  that  in  making  fuel  briquets 
only  3  to  5  per  cent  of  this  binder  is  used,  its  cost  per  ton  of  coal 
briquetted  is  small.  Another  point  in  favor  of  the  process  is  that  by 
utilizing  the  waste  liquor,  which  is  given  away  by  the  mills,  it  helps 
protect  streams  from  pollution  and  merits  consideration  for  this 
reason  alone. 

The  process, — If  the  binder  is  a  sirup,  it  is  diluted  suitably;  if 
solid  pitch,  it  is  dissolved  in  the  proper  quantity  of  water.  The  fine 
coal  and  the  binder  are  then  mixed  by  a  machine.  From  the  mixer 
the  briquet  material  passes  into  a  rotary  drying  kiln,  where  it  is 
heated  and  partly  dried.  The  success  of  the  process  depends  upon 
maintaining  the  right  temperature  in  this  kiln,  for  the  product  goes 
directly  from  the  kiln  to  the  briquetting  press.  If  the  temperature 
varies  only  10°  F.  either  way  from  the  standard  the  briquets  are  not 
hard  and  strong  enough  to  stand  transportation,  but  come  out  of 
the  press  uncompacted  or  fall  to  pieces.  Evidently  the  adjustment 
of  temperature  must  be  precise. 

If  the  kiln  dries  the  material  enough  and  the  temperature  in  the 
kiln  is  kept  at  the  right  point,  the  coal  will  stick  together  when 
pressed,  but  will  not  adhere  to  the  molds. 

Dust  from  the  rotating  cylinder,  moisture,  etc.,  are  drawn  oflf  by  a 
fan.    The  dust  is  separated  and  returned  to  the  mixing  machine. 

A  belt  conveyer  takes  the  briquets  from  the  press  through  a  drying 
oven.  If  they  are  not  to  be  waterproofed  the  briquets  go  directly  to 
the  cars  for  shipment.  If  they  are  to  be  waterproofed  another  belt 
takes  the  briquets  from  the  drying  oven,  passes  them  through  an 
emulsion  of  bitumen  and  water  and  again  through  a  drying  oven, 
and  delivers  them  to  the  cars. 

The  actual  briquetting  process,  with  its  mixing  and  drying,  re- 
quires the  labor  of  only  a  few  men.  One  man  gives  his  time  to  the 
drying  kiln  and  the  mixer,  while  another  looks  after  the  briquetting 
machine  and  keeps  track  of  the  briquets  until  they  go  into  a  car. 
The  only  other  labor  required  is  in  connection  with  bringing  in  the 
coal  and  taking  away  the  cars. 
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Since  little  labor  is  needed  and  the  cost  of  binder  is  small,  claims 
of  great  cheapness  are  made  for  the  process.  The  fact  that  informa- 
tion was  refused  pending  the  taking  out  of  patents  may  indicate 
that  there  is  little  about  the  process  to  patent.  The  secrets  of  the 
process  are  the  proper  mixing  of  the  coal  and  binder,  the  use  of  a  cer- 
tain kiln  temperature,  and  the  control  of  this  temperature,  and, 
finally,  the  weatherproofing  of  the  briquets. 

The  briquets  made  by  the  Pollacsek  process  are  excellent.  They 
are  hard,  stand  rough  handling,  and  are  sufficiently  weatherproof 
for  every  purpose.  Consequently  it  is  not  strange  that  the  Hun- 
garian Government  has  selected  this  process  for  use  at  the  Govern- 
ment collieries,  since  it  turns  out  a  good  product  and  removes  a  source 
of  stream  pollution. 

A  Combination  of  companies  making  wood  pulp  and  those  mining 
coals  that  yield  culm  or  slack  might  find  it  advantageous  to  look  into 
the  process  as  a  means  of  solving  two  interesting  problems,  the  dis- 
posal of  the  waste  sulphite  liquors  and  the  utilization  of  waste  coal. 

The  briquetting  section  of  the  Bureau  of  Mines  is  making  lab- 
oratory tests  with  this  sulphite  pitch,  the  results  of  which  will  be 
published  in  a  future  bulletin. 
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INTRODUCTION. 

By  Charles  E.  Munboe. 

The  explosives  used  in  coal  mines  not  only  occasion  accidents  such 
as  occur  in  the  use  of  explosives  elsewhere,  but  they  frequently  cause 
widespread  disasters  by  igniting  explosive  mixtures  of  mine  gas  and 
air  and  of  coal  dust  and  air,  or  both.  In  addition,  the  firing  of  ex- 
plosives so  shakes  the  walls  and  roofs  of  the  mines  as  to  cause  falls, 
with  their  attendant  casualities. 

Considering  the  large  number  of  explosives  and  their  wide  range  in 
composition  and  properties,  it  is  obvious  that  certain  of  them  should 
prove  more  suitable  for  use  in  coal  mines  than  others.  The  problem 
is  to  determine  which  explosives  are  the  most  suitable  for  this  purpose 
and  the  precise  conditions  under  which  they  may  be  used  with  the 
greatest  safety. 

Of  course  this  problem  could  be  worked  out  in  actual  mining,  but 
experimental  investigations  when  accompanying  conmiercial  opera- 
tions are  hazardous  and  slow.  To  obtain  the  information  sought,  in 
the  speediest  and  most  economical  manner,  laboratory  methods  must 
be  resorted  to.  The  adoption  of  such  methods  began  about  30  years 
ago  with  experiments  in  an  iron  gallery  mounted  on  wheels,  at 
Zwickau,  Germany.  This  laboratory  method  of  attacking  the  prob- 
lem has  so  commended  itself  that  it  has  not  only  been  repeated  else- 
where in  Germany  but  has  at  intervals  been  officially  adopted,  with 
many  modifications  and  additions,  by  the  Governments  of  Belgium, 
Austria,  France,  and  Great  Britain. 

Such  was  the  status  of  coal-mine  investigations  in  Europe  when 
in  1904,  an  oi^anization  in  the  Geological  Survey,  which  in  1907  be- 
came the  technologic  branch,  was  created  to  investigate  the  mineral- 
fuel  resources  of  this  country.  At  that  time  no  division  of  the  Na- 
tional Government  had  official  cognizance  of  conditions  existing  in 
our  mines,  but  through  its  system  of  collecting  fuels  for  tests  the 
technologic  branch  was  forced  to  recognize  that  coal-mine  accidents 
are  a  factor  that  must  be  reckoned  with  in  determining  the  extent 
and   availability  of  our  mineral-fuel  resoiurces.    This   became  so 
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apparent,  and  it  was  so  obviously  a  function  of  this  branch  to  make 
a  systematic  research  as  to  the  cause  and  prevention  of  such  acd- 
dents,  that  in  July,  1907,  experts  were  appointed  especially  to  deal 
with  this  problem.  As  a  result,  not  only  was  Bulletin  333,  on  Coal- 
Mine  Accidents:  Their  Causes  and  Prevention,  prepared  and  pub- 
lished, but  through  personal  inspection  of  foreign  testing  stations, 
and  a  study  of  their  reports  and  the  critiques  of  their  methods  and 
operations,  definite  plans  for  the  establishment  of  such  a  testing 
station  in  this  country  were  formulated. 

In  the  latter  part  of  1907,  four  grave  disasters  occurred  in  close 
succession  consequent  on  explosions  in  the  Monongah  mines  in  West 
Virginia,  where  368  men  were  killed,  the  Darr  mine  in  Pennsyl- 
vania, where  160  were  killed,  the  Naomi  mine  in  Pennsylvania, 
where  34  were  killed,  and  the  Yolande  mine  in  Alabama,  where  61 
were  killed.  These  frightful  disasters  so  quickened  the  public  con- 
science, and  so  plainly  demonstrated  that  both  himianitarian  and 
economic  needs  demanded  that  steps  be  taken  to  prevent  the  re- 
currence of  such  accidents,  that  in  1908  Congress  made  a  special 
appropriation  for  an  investigation  as  to  the  ^'causes  of  mine  ex- 
plosions." A  similar  appropriation  was  made  in  the  following  year. 
By  act  of  May  16,  1910,  the  Bureau  of  Mines  was  created  ''to  make 
dUigent  investigation  of  the  methods  of  mining,  especially  in  relation 
to  the  safety  of  miners,  the  use  of  explosives,  the  prevention  of 
accidents,"  and  other  matters  relating  to  mining.  Therefore,  these 
investigations  are  at  present  conducted. in  obecUence  to  an  organic 
act  instead  of  being  dependent  solely  upon  special  appropriations. 

The  first  appropriation  became  available  July  1,  1908.  Through 
the  courtesy  of  the  War  Department  a  portion  of  the  grounds  and 
buildings  of  the  arsenal  at  Pittsburgh  was  granted  for  the  use  of 
the  technologic  branch  of  the  United  States  Geological  Survey.  Work 
was  immediately  begun  in  procuring  and  erecting  the  necessary  instru- 
ments and  appliances  for  carrying  out  the  desired  tests  and  inves- 
tigations and  in  adapting  the  existing  buildings  or  in  erecting  new 
structures  to  contain  the  apparatus.  The  Pittsburgh  testing  station 
was  officially  opened  and  regular  work  was  commenced  on  December 
3,  1908,  the  apparatus  and  appliances  having  been  tested,  the  force 
drilled  in  their  use,  and  the  equipment  and  methods  inspected  and 
passed  upon  by  foreign  experts. 

A  special  feature  of  the  station  is  the  appliances  for  investigating 
and  testing  explosives  to  determine  their  suitability  for  use  in  coal 
mines.  The  apparatus  employed,  the  methods  of  using  it,  and  the 
results  obtained  in  testing  23  different  explosives  are  set  forth  in 
this  bulletin.  An  important  part  of  the  plant  is  a  well-equipped 
chemical  laboratory  where  the  explosives  are  carefully  analyzed  and 
studied  to  ascertain  their  chemical  properties.     Here  the  gas-air 
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mixtureB  into  which  the  exploslYes  are  fired  and  the  coal  dust  used 
in  this  connection,  the  igniters  or  detonators  employed,  and  the 
products  of  explosion  are  analyzed.  The  extent  to  which  this 
chemical  work  is  carried  on  is  shown  by  the  report  on  the  tests  of 
four  foreign  explosives,  also  given  in  this  bulletin. 

At  the  outset  it  was  recognized  that  in  order  to  correlate  the 
behavior  of  explosives,  a  standard  of  reference  must  be  selected. 
Modem  practice  indicated  that  this  must  be  a  '' detonating"  rather 
than  a  ^'burning"  explosive,  and  after  due  consideration  and  inquiry, 
a  dynamite  of  the  following  composition  was  selected :  Nitroglycerin, 
40  per  cent;  sodium  nitrate,  44  per  cent;  wood  pulp,  15  per  cent; 
calcium  carbonate,  1  per  cent.  It  should  be  definitely  understood 
that  this  standard  was  adopted  solely  for  the  purpose  of  comparing 
and  standardizing  the  characteristics  developed  by  au  explosive 
when  it  is  fired,  and  that  this  standard  is  not  an  ideal  explosive  for 
use  in  coal  mines.  On  the  contrary,  it  is  quite  unsuitable  for  such 
a  purpose.  It  was  selected  because  it  is  well  known  through  long 
use,  is  comparatively  simple  in  its  composition,  and  is  easy  to  re- 
produce. Having  standardized  by  its  means  the  characteristics  of 
an  explosive,  determination  can  then  be  made  of  the  relative  fitness 
of  the  explosive  for  use  in  coal  mines  by  subjectii^  it  to  various 
tests  described  in  this  bulletin.  These  tests  are  based  on  the  prac- 
tices and  are  confirmed  by  experiences  at  foreign  testing  stations. 

The  last-mentioned  terms  are  intentionally  used  in  the  plural  for 
when  the  investigation  of  European  testing  stations  referred  to  above 
was  made  in  1907  the  methods  and  practices  pursued  at  these  sta- 
tions were  found  to  vary  widely.  The  subsequent  more  searching 
inquiry  made  on  behalf  of  the  technologic  branch  by  Axel  Larsen  dis- 
closed the  fact  that  not  only  did  the  foreign  testing  galleries  differ  in 
form,  dimensions,  material,  and  location  (on  or  beneath  the  surface  of 
the  earth)  but  that  the  charactor  of  the  explosive  mixtures  used  within 
the  galleries  also  differed.  Likewise  various  methods  were  used  in 
proving  the  characteristics  and  composition  of  these  mixtures,  and 
in  firing  the  explosives.  Moreover  it  was  found  that  the  requirements 
as  regards  other  tests  than  gallery  tests  were  not  identical.  But  it 
was  shown  by  statistical  investigations  that  in  all  countries  where 
testing  stetions  were  maintained  the  loss  of  life  in  coal  mining  was 
diminished,  though,  because  of  the  many  factors  which  enter  into 
the  problem,  it  was  not  possible  to  show  the  specific  effects  of  the 
testing  of  the  explosives  or  of  the  regulations  governing  their  selec- 
tion and  use. 

In  determining  the  character  of  the  tests  to  be  applied  at  the  Pitts- 
burgh station  account  was  taken  of  these  differences,  and  it  was 
decided  that  the  details  of  the  tests  must  be  worked  out  to  satisfy 
the  conditions  imposed  by  the  particular  compositions  of  the  gas  and 
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coal  dust  ayailable  for  use.  This  was  done^  and  under  date  of  January 
8, 1909,  the  Director  of  the  Geological  Survey  issued  a  notice  to  manu- 
facturers of  explosives  in  the  United  States  to  the  effect  that  official 
tests  of  such  explosives  as  the  manufacturers  might  desire  to  have 
tested  as  to  their  permissibility  for  use  in  coal  mines;  would  be  made 
at  the  Pittsburgh  station.  This  notice  described  the  test  require- 
ments to  which  explosives  would  be  subjected,  and  set  forth  the  con- 
ditions under  which  the  explosives  would  be  received.  A  copy  of  the 
test  requirements  is  appended  to  this  bulletin.  Inspection  of  the 
requirements  shows  that  a  permissible  explosive  is  not  only  one  that 
has  passed  the  prescribed  tests,  but  is  such  only  when  it  has  the  com- 
position and  characteristics  of  the  sample  submitted  for  test,  and 
then  only  when  it  is  used  under  the  prescribed  requirements  as  to 
quantity  used,  condition  (that  is,  not  frozen),  method  of  confinement, 
and  device  for  firing  it. 

The  United  States  Government  does  not  compel  nor  prevent  the 
use  of  any  explosive  or  prescribe  the  conditions  of  use.  It  only 
advises  the  public  as  to  the  character  of  explosives  and  as  to  the  man- 
ner in  which  they  should  be  used.  It  is,  therefore,  gratifying  to  state 
that  the  manufacturers  of  explosives  in  this  coimtry  cooperated  so 
promptly  and  so  cordially  in  the  endeavor  to  protect  the  lives  and 
persons  of  those  engaged  in  mining  coal  that  by  January  1, 1910,  there 
had  been  received  51  applications  for  the  testing  of  134  different  ex- 
plosives. During  that  year  64  of  the  explosives  submitted  were  tested 
and  36  of  these  passed  the  tests  required  to  place  them  on  the  list  of 
permissible  explosives. 

The  data  obtained  in  testing  the  dynamite  chosen  as  a  standard, 
the  black  blasting  powder,  which  up  to  the  founding  of  the  Pittsburgh 
testing  station  was  used  almost  universally  as  the  explosive  agent  in 
our  coal  mines,  and  the  first  17  explosives  which  passed  the  pre- 
scribed tests  and  were  placed  on  the  permissible  list,  are  recorded  in 
this  bulletin,  so  that  the  results  upon  which  the  decision  was  based 
in  each  case  may  become  commonly  known  and  may  be  freely  exposed 
to  criticism  by  those  competent  to  pass  upon  these  matters.  The 
results  of  the  tests  of  four  foreign  explosives  which  have  been  tested 
at  the  European  stations  are  also  given  in  order  that  data  may  be 
supplied  through  which  to  correlate  or  differentiate  the  conditions, 
methods,  and  requirements  of  the  different  governmental  stations. 

To  promote  the  general  interest  in  this  inquiry  and  to  extend  among 
the  consumers  of  explosives  such  a  knowledge  of  them  as  will  lead  to 
their  more  intelligent  and  eflicient  use,  a  chapter  has  been  devoted  to 
the  consideration  of  the  nature  and  properties  of  explosives.  Like- 
wise, a  chapter  on  thermochemistry  has  been  added  to  assist  the 
manufactiurer  in  compounding  his  materials  so  as  to  make  an  explo- 
sive which  will  satisfy  the  special  requirements  of  coal  mining. 


CHAPTER  I. 

NATUBB  AND  COMPOSITION  OF  EXPIiOSIVES. 

By  Wai/fek  O.  Snbluno. 


OHBXIOAL  KATUBE  OF  EXPLOSIVE  MATBBIALS. 

When  combustible  matter  of  any  kind  is  ignited  in  the  presence  of 
air,  certain  manifestations  occur,  which  are  styled  ' 'combustion/' 
and  it  is  said  that  the  material  ''bums/'  The  combustible  material 
unites  chemically  with  the  oxygen  of  the  air,  and  this  union  gives 
rise  to  heat  and  other  phenomena  which  always  accompany  active 
combustion. 

Nearly  all  the  explosives  in  use  at  present  depend  for  their  action 
on  the  chemical  union  of  combustible  material  with  oxygen,  and  it  is 
mainly  in  the  extreme  rapidity  of  the  combustion,  due  to  the  close- 
ness with  which  the  particles  of  combustible  matter  are  associated 
with  oxygen  in  explosive  bodies,  that  the  action  of  explosives  differs 
from  the  burning  of  ordinary  inflammable  substances.  Gunpowder, 
for  example,  consists  of  a  mixture  of  potassium  nitrate^  sulphur,  and 
charcoal.  Sulphur  and  charcoal  are  combustible,  and  potassium 
nitrate  contains  a  large  proportion  of  oxygen  which  is  so  held  that 
under  suitable  conditions  it  is  readily  given  up.  When  a  grain  of 
gunpowder  is  heated  to  its  ignition  temperature,  the  potassium  nitrate 
gives  up  part  of  its  oxygen  under  the  influence  of  the  heat,  and  the 
sulphur  and  charcoal  at  once  bum  vigorously  in  the  oxygen  thus 
evolved.  This  burning  of  the  sulphur  and  charcoal  produces  much 
heat,  which  raises  the  temperature  of  surrounding  particles  of  powder 
to  the  ignition  temperature,  and  causes  them  to  bum.  As  the  par- 
ticles of  potassium  nitrate  are  intimately  associated  with  the  par- 
ticles of  sulphur  and  charcoal,  each  particle  of  sulphur  and  charcoal 
is  in  contact  with  a  source  of  oxygen,  and  therefore  the  burning  of 
gunpowder  is  extremely  rapid. 

Gases  are  formed  by  the  burning  of  the  charcoal  and  sulphur,  and 
these  gases  are  highly  heated  and  expanded  by  the  large  quantity  of 
heat  produced.  The  gases  in  their  expanded  condition  have  a  vol- 
ume several  hundred  times  as  great  as  the  powder  from  which  they 
were  formed,  and  it  is  to  the  sudden  formation  of  these  large  volumes 
of  highly-heated  gases  that  gunpowder  and  other  explosives  owe 
their  strength  and  their  power  of  doing  work. 

The  volume  of  gas  produced  and  the  heat  Uberated  by  the  com- 
bustion of  different  materials  vary  greatly.    Likewise  there  are  many 

7 


8  EXPLOSIVES  USED  IN  GOAL  MINES. 

materials  that  do  not  produce  gases  when  they  bum.  When  pow- 
dered aluminum,  for  example,  is  mixed  with  an  oxidizing  agent  and 
ignited,  very  great  heat  is  produced,  but  no  gases  are  formed  because 
the  substance  produced  by  the  union  of  aluminum  and  oxygen  is  a 
solid  that  is  not  volatile  at  ordinary  temperatures.  When  charcoal 
(which  consists  principally  of  carbon)  is  burned,  a  gas,  carbon  dioxide, 
is  produced,  and  this  gas  tends  to  occupy  a  space  many  hundred  times 
the  volume  of  the  carbon  from  which  it  was  formed.  As  most  ex- 
plosives owe  their  power  entirely  to  the  expansive  action  of  great 
volumes  of  gas  set  free  at  the  moment  of  combustion,  it  can  readily 
be  seen  why  carbon,  either  in  the  form  of  charcoal,  or  combined  with 
other  elements  in  the  form  of  starch,  wood  pulp,  etc.,  forms  one  of  the 
constituents  of  so  many  explosives,  and  why  aluminum  and  similar 
materials,  which  yield  no  gaseous  products  of  combustion,  are  seldom 
so  used. 

Since  the  rapidity  of  burning  of  any  material  depends  in  large 
measure  upon  the  proximity  of  its  combustible  components  to  oxy- 
gen, in  the  manufacture  of  gunpowder  the  charcoal,  sulphur,  and 
potassium  nitrate  used  are  very  finely  pulverized,  well  mixed,  and 
pressed  together,  so  that  the  particles  of  combustible  material  will  be 
in  close  contact  with  the  source  of  the  oxygen  required  for  their  com- 
bustion. In  a  few  compounds  (of  which  nitroglycerin  is  a  good  ex- 
ample) combustible  materials  and  loosely  held  oxygen  exist  in  the 
same  chemical  substance.  In  such  compounds  the  association  of 
oxygen  with  combustible  materials  is  much  closer  than  it  can  be  in  a 
mechanical  mixture  such  as  gunpowder,  and  the  explosive  action  of 
these  materials  is  therefore  far  more  rapid  and  powerful. 

Nitroglycerin  is  a  heavy  viscous  liquid  formed  by  the  action  of  a 
mixture  of  strong  nitric  and  sulphuric  acids  upon  ordinary  glycerin. 
The  chemical  change  that  takes  place  through  the  action  of  the  mix- 
ture of  concentrated  nitric  and  sulphuric  acids  upon  glycerin  and 
similar  materials  is  called  '^nitration."  It  results  in  the  introduction 
of  weakly  held  oxygen  into  the  glycerin  molecule,  this  oxygen  being 
directly  united  to  nitrogen,  a  chemical  element  for  which  it  has  a  com- 
paratively weak  affinity.  Only  when  the  chemical  stability  of 
nitroglycerin  is  disturbed,  as  by  heat  or  percussion,  does  the  stronger 
affinity  of  the  oxygen  for  carbon  and  hydrogen,  which  form  the  com- 
bustible constituents  of  nitroglycerin,  cause  it  to  unite  with  them, 
and  thus  to  bring  about  the  explosion  of  the  compound.  Although 
it  dififers  chemically  from  glycerin,  nitroglycerin  closely  resembles  un- 
nitrated  or  ordinary  glycerin  in  appearance,  the  color  and  viscosity 
of  the  two  substances  being  closely  similar. 

When  nitroglycerin  was  first  used  commercially  it  was  ignited 
by  a  fuse  in  the  same  way  that  gunpowder  is,  under  these  condi- 
tions formm<r  an  explosive  material  not  much  stronger  than  gun- 
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powder.  Discovery  was  soon  made,  however,  that  if  nitroglycerin  is 
exploded  by  firing  a  small  charge  of  fulminate  of  mercury  in  contact 
with  it,  it  develops  enormously  greater  force  than  when  simply  ignited 
by  means  of  a  fuse.  This  discovery  marked  the  real  beginning  of  the 
knowledge  and  use  of  high  explosives. 

It  is  well  known  that  when  a  small  piece  of  lead  or  copper  is  placed 
upon  an  anvil  and  struck  a  violent  blow  with  a  hammer,  it  becomes 
hot,  the  energy  of  the  blow  being  transformed  into  heat,  which  raises 
the  temperature  of  the  material  struck.  It  is  probable  that  the  main 
reason  the  explosion  of  a  small  charge  of  fulminate  of  mercury  causes 
nitroglycerin  to  explode  so  violently  is  because  the  energy  of  the  blow 
caused  by  the  explosion  of  the  fulminate  is  transformed  into  heat  at 
the  point  of  contact  with  the  nitroglycerin,  suddenly  raising  its  tem- 
perature much  higher  than  its  ignition  point.  The  nitroglycerin  in 
immediate  contact  with  the-charge  of  fulminate  is  thus  exploded,  and 
the  shock  produced  by  the  explosion  of  this  portion  of  the  nitroglyc- 
erin is  in  a  similar  manner  transformed  into  heat.  This  raises  the 
temperature  of  the  surrounding  nitroglycerin  to  a  point  well  above 
its  ignition  temperature,  and  the  explosion  is  thus  almost  instantly 
transmitted  through  the  entire  mass  of  nitroglycerin. 

Smce  a  shock  or  blow  is  transmitted  or  carried  through  a  body 
such  as  nitroglycerin  much  more  rapidly  than  flame  can  be  trans- 
mitted from  particle  to  particle,  the  explosion  of  the  material  is  far 
more  rapid  and  violent  when  started  by  the  blow  from  mercury  ful- 
minate than  when  started  by  simple  ignition  pf  the  material.  The 
name  '' detonation"  has  been  given  to  this  form  of  explosion  to  dis- 
tinguish it  from  the  less  rapid  and  violent  form  of  explosion  produced 
by  the  combustion  of  such  materials  as  gunpowder,  in  which  trans- 
mission of  flame  takes  place  from  particle  to  particle  of  the  material. 
Although  the  combustion  of  gunpowder  and  other  explosives  of  that 
type  is  extremely  rapid,  the  detonation  of  nitroglycerin  and  similar 
explosives  is  so  much  more  rapid  that  it  may  be  considered  to  be 
instantaneous. 

DISTINCTION  BETWEEN  DETONATING  AND  SLOW-BTTBNING 

EXPLOSIVES. 

As  already  noted,  explosives  owe  their  effects  to  the  development, 
at  the  moment  of  explosion,  of  enormous  quantities  of  gas,  which 
tend  to  occupy  a  space  hundreds  of  times  greater  than  that  which 
served  to  contain  the  explosive  before  it  was  fired. 

In  the  case  of  explosives  which  detonate,  the  transformation  of 
the  substance  into  gas  at  the  moment  of  explosion  is  practically 
instantaneous,  and  accordingly  the  pressure  produced  by  the  gases 
thus  formed  is  sharp  and  sudden.  In  a  period  of  time  less  than  the 
thousandth  of  a  second,  the  explosive  is  transformed  by  the  chemical 
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reactions  taking  place  into  gases  which  tend  to  occupy  several  hun- 
dred times  the  original  volume  of  the  explosive.  Everyone  who  has 
witnessed  the  firing  of  charges  of  detonating  Explosives  is  familiar 
with  the  shattering  and  rending  effects  produced  as  the  result  of  this 
instantaneous  development  of  great  quantities  of  gas. 

Many  explosives  which  do  not  detonate  produce  fully  as  much  gas 
as  detonating  explosives  do,  but  because  the  explosive  reactions  take 
place  more  slowly,  the  development  of  the  gas  is  more  gradual  and 
the  pressure  produced  by  the  explosion,  instead  of  being  very  high 
and  of  short  duration,  is  lower  and  more  prolonged. 

For  certain  purposes  the  shattering  effect  produced  by  detonating 
explosives  is  of  great  value.  Such  explosives  find  a  wide  field  of 
usefulness  in  blasting  and  tunneling  in  hard  and  tough  rock,  in 
breaking  up  old  metal  castings,  and  for  similar  purposes.  In  like 
manner,  explosives  of  slower  action  have  advantages  over  detonating 
explosives  for  many  kinds  of  work.  In  order  that  an  explosive  may 
be  a  suitable  agent  to  act  as  a  propellant  in  guns,  it  is  essential  that 
its  action  should  not  be  too  quick.  A  certain  length  of  time  is 
required  to  set  the  projectile  in  the  gun  in  motion,  and  if  a  detonating 
explosive  were  used,  ita  rapidity  of  action  would  be  so  great  that, 
before  the  ball  could  be  set  in  motion,  the  pressure  produced  by  the 
gases  formed  would  burst  the  gun. 

The  term  "high  explosive"  is  ordinarily  applied  to  explosives 
whose  usual  manner  of  action  is  by  detonation,  and  the  term  "low 
explosive"  is  applied  to  those  in  which  the  slower  form  of  reaction 
ordinarily  takes  place. 

These  terms  have  the  advantage  of  convenience,  but  the  fact 
should  not  be  lost  sight  of  that  they  do  not  rigidly  classify  explosive 
compounds,  since  many  materials  will  either  detonate  or  bum 
quietly,  depending  upon  the  maimer  in  which  the  initial  decomposi- 
tion is  brought  about  and  upon  the  physical  state  of  the  explosive. 
Nitrocellulose,  fdr  example  (an  explosive  produced  by  nitrating  ordi- 
nary cotton  by  means  of  a  mixture  of  nitric  and  sulphuric  acids,  and 
often  spoken  of  as  "guncotton"),  finds  its  largest  use  as  a  slow- 
burning  or  propeUent  agent  in  cannon  and  small  arms,  the  smokeless 
powder  of  the  United  States  and  several  foreign  nations  consisting 
essentially  of  nitrocellulose.  As  thus  used,  nitrocellulose  is  a  low 
explosiye,  but  if  it  be  fired  by  means  of  a  charge  of  fulminate  of  mer- 
cury, it  detonates,  and  under  these  conditions  is  a  high  explosive,  its 
strength  and  action  not  differing  greatly  from  that  of  nitroglycerin. 

In  order  to  obtain  satisfactory  results  from  low  explosives,  the 
charge  must  be  confined,  but  the  action  of  detonating  explosives  is  so 
rapid  that  if  simply  laid  upon  rock  or  other  material  and  exploded 
they  exert  a  strong  rendmg  and  shattering  effect,  although  it  is  to  be 
noted  that  under  these  conditions  the  effect  is  less  than  when  the 
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explosive  is  properly  confined.  When  large  quantities  of  gunpowder 
and  similar  low  explosives  are  fired,  as  in  the  case  of  an  explosion  of 
a  magazine,  shattering  effects  similar  to  those  of  high  explosives  are 
often  produced,  but  in  this  case  it  is  the  effect  of  the  great  quantity 
of  explosive  that  brings  about  these  results,  the  total  quantity  of 
gases  produced  by  the  explosion  being  so  great  that  the  innermost 
portions  of  the  gunpowder  are  more  or  less  confined  by  the  enormous 
volumes  of  gas  produced  about  them. 

TTSE  OF  NITBOOLYGBBIN  IN  EXPLOSIVE  MIXTUKBS. 

For  a  number  of  years  after  its  discovery  nitroglycerin  was  little 
used,  as  its  liquid  state  made  it  inconvenient  for  blasting  and  similar 
purposes,  and  its  extreme  sensitiveness  to  shock  made  it  dangerous 
to  handle.  Later  both  of  these  difficulties  were  overcome  by  absorb- 
ing nitroglycerin  in  a  suitable  porous  material,  and  to  this  mixture 
the  name  '' dynamite''  was  given.  Infusorial  earth  (also  known  as 
kieselguhr),  a  substance  which,  Uke  chalk,  is  composed  almost  entirely 
of  shells  of  microscopic  organisms,  was  found  to  be  best  suited  as 
an  absorbent  for  nitroglycerin.  It  is  abundant  in  many  parts  of 
the  world,  and  forms  beds  of  considerable  thickness  that  represent 
former  sea-bottom  deposits. 

Infusorial  earth  is  able  to  take  up  several  times  its  own  weight  of 
nitroglycerin,  thus  producing  a  pasty  or  plastic  mass  having  some- 
what the  consistency  of  wet  sawdust.  A  mixture  of  1  part  by  weight 
of  infusorial  earth  with  3  parts  of  nitroglycerin  is  called  a  75  per 
cent  dynamite,  as  it  contains  75  per  cent  by  weight  of  nitroglycerin; 
and,. similarly,  a  mixture  of  2  parts  by  weight  of  infusorial  earth  and 
3  parts  of  nitroglycerin  is  known  as  60  per  cent  dynamite. 

The  nitroglycerin  is  simply  held  mechanically  in  the  infusorial 
earth,  each  of  the  microscopic  shells  and  shell  fragments  of  which 
that  material  is  composed  being  covered  by  a  film  of  nitroglycerin, 
held  by  capillary  attraction.  Infusorial  earth  has  no  explosive 
properties,  and  accordingly  plays  no  part  in  the  explosive  action  of 
dynamite,  the  strength  of  the  explosive  being  simply  that  of  the 
nitroglycerin  present,  modified  and  weakened  slightly  by  the  presence 
of  the  chemically  inert  absorbent  material. 

It  is  evident  that  additional  strength  can  be  given  to  dynamite  if, 
instead  of  an  inert  material  like  infusorial  earth,  an  active  explosive 
agent  be  used  as  the  absorbent  for  the  nitroglycerin.  Dynamites 
containing  kieselguhr,  chalk,  or  other  inert  absorbent  materials  have 
at  the  present  time  been  almost  entirely  replaced  by  dynamite  with 
an  active  base  consisting  usually  of  a  mixture  of  sodium  or  potassium 
nitrate  with  wood  pulp,  sawdust,  or  charcoal.  Such  a  base  is  prac- 
tically a  low-grade  gunpowder. 

YHien  dynamite  made  with  an  active  absorbent  mixture  is  exploded, 
the  detonation  of  the  nitroglycerin  fires  the  gunpowder  mixture, 
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which  serves  by  the  heat  of  its  combustion  to  still  further  expand 
the  gases  produced  by  the  decomposition  of  the  nitroglycerin.  In  this 
way,  as  well  as  by  the  gases  that  it  produces,  the  gunpowder  mixture 
increases  the  strength  of  the  explodve. 

A  still  more  important  advantage  of  the  use  of  an  active  base  in 
the  preparation  of  dynamite  is  the  manner  in  which  the  force  of  the 
explosive  is  modified  as  the  result  of  the  presence  of  the  active 
absorbent.  The  explosion  of  nitroglycerin  alone,  as  has  been  seen, 
is  extremely  rapid,  and  only  at  the  instant  of  detonation  are  the 
gases  produced  by  its  decomposition  highly  expanded.  The  ex- 
plosive action  of  gunpowder  mixtures  is  much  slower,  and  in 
dynamites  having  an  active  base  the  heat  produced  by  the  combus- 
tion of  the  wood  pulp  in  the  oxygen  set  free  from  the  nitrate  serves 
to  keep  in  an  expanded  condition  the  gases  formed  by  the  decom- 
position of  the  nitroglycerin.  This  not  only  adds  to  the  power  of  the 
explosive,  but  also  modifies  its  action  in  such  a  way  as  to  consider- 
ably increase  its  effectiveness  in  blasting.  The  explosion  of  the 
nitroglycerin  serves  to  shatter  the  rock,  and  the  action  of  the  gun- 
powder base  in  maintaining  the  gases  at  a  high  temperature  serves 
to  give  duration  to  the  gas  pressure,  and  thus  to  add  a  heaving  force 
to  the  blow  which  is  produced  by  the  nitroglycerin  alone. 

Dynamite  is  put  up  in  cylindrical  cartridges  of  heavy  paraffined 
paper.  Usually  these  cartridges  are  about  8  inches  long  and  1  or  1^ 
inches  in  diameter,  but  cartridges  varying  in  diameter  from  three- 
fourths  of  an  inch  to  3  inches,  and  of  different  lengths  to  suit  special 
conditions  or  the  desires  of  different  purchasers,  are  also  made.  A 
cartridge  measuring  8  by  1^  inches  contains  about  one^half  pound  of 
dynamite. 

The  composition  of  two  typical  dynamites  of  different  strength  is 
given  in  the  following  table: 

Composition  of  two  typical  dynamites. 


Constituents. 


Moisture 

Nitroglycerin 

Sodium  nitrate 

Caldum  carbonate . 
Wood  pulp 


45  per  cent 
dynamite. 


1 

45 
41 

1 
12 


00  per  cent 
dynamite. 


1 

60 
20 

1 
18 


100 


100 


Other  constituents  besides  those  mentioned  are  sometimes  used  in 
dynamite.  A  part  of  the  nitroglycerin  may  be  replaced  by  ammo- 
nium nitrate  or  by  a  nitrated  compound.  Other  combustible 
materials  are  also  substituted  for  wood  pulp.  All  the  constituents  of 
dynamite  tend  to  take  up  moisture,  and  most  dynamites  contain 
from  0.5  to  1.5  per  cent  of  moisture,  which  was  present  in  the  original 
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ingredients  or  was  taken  up  in  the  course  of  manufacture  and  storage. 
Calcium  carbonate  is  added  to  dynamite  to  neutralize  any  acidity 
that  might  develop  in  the  nitroglycerin,  it  being  found  that  nitro- 
glycerin sometimes  tends  to  decompose  in  this  way.  It  is  claimed  that 
dynamite  containing  a  substance  like  calcium  carbonate  is  somewhat 
safer  to  store  and  handle  than  dynamite  not  containing  such  a 
constituent. 

The  conditions  under  which  nitroglycerin  is  present  in  dynamite 
serve  to  protect  it  in  a  considerable  measure  from  the  influence  of 
shocks  and  blows,  and  dynamite  is  much  less  sensitive  and  less  liable 
to  accidental  explosion  than  is  nitroglycerin  alone.  It  is  not  danger- 
ous to  handle  and  use  if  proper  care  is  taken  and  if  it  is  protected 
from  shocks  and  blows  of  great  violence  and  from  too  high  a  degree 
of  heat. 

PEBMISSIBLB  EXPLOSIVES. 

In  explosives  for  use  in  the  open  air,  such  as,  for  example,  quarry- 
ing or  railroad  excavation,  strength  and  efficiency  in  removing  rock 
are  the  qualities  that  are  most  important,  and  usually  are  the  only 
ones  that  need  consideration  in  the  selection  of  a  suitable  explosive. 
Explosives  that  are  to  be  used  in  tunneling  must  not  only  possess 
strength  and  efficiency  but  also  be  of  such  composition  that  upon: 
exploding  they  will  not  give  off  laige  quantities  of  poisonous  or 
offensive  gases.  In  explosives  intended  for  use  in  coal  mines,  a 
further  property  is  most  important.  Besides  possessing  the  qualities 
of  strength,  efficiency  in  breaking  down  coal,  and  freedom  from 
poisonous  explosion  products,  the  explosive  should  be  of  such  nature 
as  not  readily  to  ignite  explosive  mixtures  of  gas  or  coal  dust. 

The  underlying  causes  for  one  explosive  being  safer  than  another 
in  the  presence  of  explosive  mixtures  of  gas  or  coal  dust  have  been 
investigated  during  the  past  few  years.  The -many  thousands  of 
lives  lost  in  coal-mine  disasters  have  shown  the  necessity  of  such 
investigations,  and  have  stimulated  to  a  marked  extent  researches 
in  regard  to  the  preparation  of  explosives  suitable  for  use  in  coal 
mining.  It  has  been  f oimd  that  every  known  explosive,  if  fired  iu  a 
sufficiently  large  charge,  will  cause  the  ignition  of  an  explosive  gas 
mixture,  but  explosives  have  been  found  to  differ  widely  in  regard 
to  the  amount  that  can  be  fired  without  causing  such  ignition.  Oi> 
dinary  blade  blasting  powder,  for  example,  will  cause  the  ignition  of 
explosive  gas  mixtures  veiy  readily,  as  Uttle  as  25  grams  (somewhat 
less  than  an  ounce)  invariably  serving  to  bring  about  this  result. 
CSertain  other  explosives,  in  quantities  as  great  as  1,000  grams  (2i 
pounds),  after  repeated  trials,  under  conditions  exactly  similar  to 
those  used  in  testing  black  powder,  have  invariably  failed  to  cause 
ignition  of  the  explosive  gas  mixtures. 

2406*'— BuU.  IJ^U 2 
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In  certain  European  countries  where  regulation  of  the  manufac- 
ture and  use  of  explosives  is  recognized  as  a  proper  means  of  safe- 
guarding life  and  protecting  users  of  explosives  from  dangerous  com- 
pounds that  might  be  made  and  sold  by  persons  not  possessing 
sufficient  knowledge  or  technical  skill,  all  explosives  intended  for  use 
in  coal  mining  are  subjected  to  tests  to  determine  their  fitness  for 
such  use.  Only  explosives  that  can  be  fired  in  charges  equal  to 
those  employed  in  mining  work,  without  causing  the  ignition  of  ex- 
plosive mixtures  of  fire  damp,  are  allowed  to  be  used  in  coal  mining. 
The  explosives  that  pass  the  required  tests  for  safety  in  the  presence 
of  gas,  for  keeping  qualities,  for  safety  in  handling,  etc.,  are  called 
''permitted  explosives,"  and  their  use  is  allowed  in  coal  mines  under 
such  regulations  as  are  found  necessary  to  insure  safety  in  handling 
and  loading  and  the  employment  of  proper  means  of  firing. 

In  the  United  States,  in  the  absence  of  a  national  law  covering  the 
use  of  explosives,  authority  controlling  the  use  of  such  materials  lies 
with  the  legislatures  of  the  several  States.  Up  to  the  present  day 
the  regulations  in  different  States  have  been  far  from  uniform  and  in 
many  States  have  been  inadequate.  Accurate  information  in  regard 
to  the  action  of  different  kinds  of  explosive  materials  is  necessary  for 
efficient  legislation,  and  such  information  has  been  nowhere  available. 
It  is  to  remedy  this  condition  and  provide  accurate  data  in  regard  to 
explosives,  that  tests  of  coal-mining  explosives  are  being  made  by 
the  Bureau  of  Mines.  These  tests  serve  to  show  which  explosives 
are  safe  and  which  are  dangerous  for  use  in  coal  mining,  and  to  deter- 
mine such  other  properties  of  explosives  as  are  of  importance  in  the 
safe  and  efficient  use  of  these  materials. 

All  explosives  that  satisfactorily  pass  such  tests  as  show  that  they 
can  be  fired  in  considerable  quantities  in  explosive  gas  mixtures 
without  causing  igmtion,  and  in  addition  possess  such  qualities  of 
stability,  etc.,  as  make  them  reasonably  safe  to  handle  and  transport, 
are  termed  "permissible  explosives."  Only  such  explosives  are 
deemed  suitable  for  use  in  coal  mines  in  which  dangerous  quantities 
of  fire  damp  or  inflammable  coal  dust  are  likely  to  be  met. 

Permissible  explosives  of  most  varied  composition  have  been  pre- 
pared, but  in  all  of  them  the  explosive  power  is  due  to  the  reaction 
of  oxygen  with  combustible  elements,  such  as  carbon  and  hydrogen, 
the  composition  of  the  explosives  being  such  that  the  temperature 
resulting  from  this  combustion  is  not  so  high,  nor  so  long  continued, 
as  with  ordinary  explosives.  An  inflammable  gas  mixture  can  be 
ignited  either  by  a  very  high  temperature  acting  for  a  short  inter- 
val of  time,  or  by  a  lower  temperature  acting  through  a  longer 
space  of  time ;  but  if  a  low  temperature  only  is  produced  by  the  ex- 
plosive; and  this  temperature  is  of  very  short  duration,  the  ignition 
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of  the  explosive  gas  mixtures  is  much  less  Ukely.  Accordingly  the 
problem  of  making  explosives  for  use  in  coal  mines  is  seen  to  be,  in 
its  simplest  form,  the  making  of  an  explosive,  that,  although  pro- 
ducing a  low  temperature  of  short  duration,  shall  nevertheless  pro- 
duce a  sufficient  quantity  of  gases,  and  at  sufficient  pressure  to  perform 
by  their  expansioa  the  work  for  which  the  explosive  is  intended. 
Through  scientific  studies  and  experimentation,  manufacturers  of 
explosives  have  found  ways  of  obtaining  this  result.  Nitroglycerin, 
ammonium  nitrate,  and  other  well-known  explosive  materials  are 
combined  with  various  substances  so  as  to  form  explosives  that, 
when  properly  used,  so  greatly  diminish  the  risk  of  accidental  ignition 
of  fire  damp  or  coal  dust  that  it  may  be  said  to  be  practicaUy  elimi- 
nated. 


CHAPTER  n, 

THERMOCHEMISTRY  OF  EXPIX>SIVES. 

By  Wai/tbb  O.  Snbllino. 


aBNBBAIi  THBBXOOHBiaCAIi  OOVSIDSBATZOHS. 

With  all  chemical  changes  there  are  involved  energy  changes,  and 
these  usually  take  the  form  of  absorption  or  evolution  of  heat.  In 
a  few  special  cases  energy  in  some  form  other  than  heat,  as  electricity, 
for  example,  is  produced  as  the  result  of  chemical  reactions,  but  it 
may  be  assumed  as  a  general  rule  that  an  energy  change,  usually  with 
the  evolution  of  heat,  will  be  a  part  of  every  chemical  reaction.  It 
is  important  to  note  that  the  energy  changes  connected  with  any 
particular  chemical  reaction  are  definite  in  quantity,  and  are  quite  as 
susceptible  of  measurement  and  exact  determination  as  the  chemical 
products  which  result  from  the  alterations  of  the  reacting  bodies. 
The  study  of  the  heat  evolved  or  absorbed  in  connection  with  chemical 
changes  forms  the  field  of  thermochemistry.  When  physical  changes 
occur  without  any  corresponding  chemical  change,  energy  changes 
may  also  take  place,  leading  to  the  absorption  or  evolution  of  heat. 
For  example,  to  change  liquid  water  at  its  boiling  point  (100^  C.)  to 
gaseous  water  at  the  same  temperature  a  certain  quantity  of  heat  is 
required.  Another  example  of  physical  change  accompanied  by 
heat  transfer  is  when  a  solid  body,  at  any  temperature,  is  dissolved 
in  water  at  the  same  temperature.  In  such  a  case,  where  no  chemical 
change  results  from  the  mixing  of  the  solid  and  the  water,  heat  is 
usually  absorbed. 

It  is  necessary  to  have  some  unit  by  which  heat  changes  may  be 
measured,  and  the  unit  that  has  been  adopted  is  called  the  ''calorie." 
By  definition  a  calorie  is  that  quantity  of  heat  which  is  required  to 
raise  the  temperature  of  1  gram  of  water  1^  C.  As  the  quantity  of 
heat  required  to  raise  the  temperature  of  water  1^  varies  slightly  at 
different  temperatures,  it  is  desirable  in  accurate  work  to  still  further 
define  the  calorie,  and  for  the  calculations  that  follow  the  calorie  is 
defined  as  "  that  quantity  of  heat  necessary  to  raise  the  temperature 
of  1  gram  of  pure  water  1^  C,  from  the  temperature  of  15^  to  that  of 
16°  C." 

Some  writers  have  used  the  unit  called  the  ''mean  calorie,"  this 

being  the  average  quantity  of  heat  required  to  raise  1  gram  of  water 

1°  between  the  temperature  of  0°  and  100**  C.    The  unit  actually 

used  is  one  one-hundredth  of  the  quantity  of  heat  required  to  raise 

10 
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1  gram  of  water  from  0^  to  100^  C,  this  being  a  value  that  caa  be 
determined  experimentally  with  considerable  accuracy.  Very  careful 
measurements  have  shown  that^the  quantity  of  heat  required  to 
raise  1  gram  of  water  from  15^  to  16^  C.  is  almost  identical  with  the 
"mean  calorie/'  and  accordingly  these  values  may  be  considered  as 
interchangeable  in  all  except  the  most  exact  work. 

A  few  writers  have  preferred  to  use  a  heat  unit  larger  than  that  here 
defined,  and  have  taken  as  a.  standard  the  amount  of  heat  required 
to  raise  1,000  grams  of  water  1^  C.  This  value  is  found  in  a  number 
of  books  on  chemistry,  and  is  termed  the  kilogram  calorie  or  ''  large 
calorie."  Considerable  confusion  has  resulted  from  the  use  of  the 
same  word  calorie,  to  denote  two  different  values,  and  in  consulting 
tables  of  thermo-chemical  data  it  is  always  necessary  to  notice  care- 
fully whether  the  '4arge  calorie"  or  the  ''gram  calorie"  is  taken  as 
the  standard.  In  the  figures  given  in  the  present  paper  ''calorie"  in 
every  case  refers  to  the  gram  calorie,  as  above  defined. 

Every  chemical  equation  expresses  a  reaction  between  definite 
quantities  of  matter,  and  the  relation  between  the  quantities  of  the 
varying  substances  entering  into  the  reaction  may  be  determined  by 
calculation.  As  the  methods  by  which  such  calculations  are  made, 
and  the  significance  of  the  atomic  and  molecular  weights  of  the  com- 
bining materials  are  treated  in  all  textbooks  of  chemistry,  no  detailed 
description  need  be  given  here.    A  typical  reaction,  such  as 

expresses,  ia  addition  to  the  simple  information  that  carbon  imites 
with  oxygen  to  form  carbon  dioxide,  information  in  regard  to  the 
quantities  of  material  that  react,  and  the  equation  may  be  read: 

One  ohemiral  equivalent,  or  12  purtB  by  weight,  of  carbon,  unites  with  two  chemical 
equivalents,  or  2X16  parts  by  weight,  of  oxygen,  to  form  one  chemical  equivalent, 
equal  to  44  parts  by  weight,  of  carbon  dioxide. 

The  number  of  parts  by  weight  that  each  equivalent  represents  is 
found  by  reference  to  a  table  of  atomic  weights.  In  the  calculations 
that  follow,  the  atomic  weights  used  will  be  expressed  as  whole 
numbers,  the  variations  that  many  atomic  weights  show  from  whole 
numbers  being  neglected  for  the  sake  of  simplicity.  It  is  evident 
that  in  a  chemical  equation  the  number  of  "parts  by  weight"  is 
entirely  independent  of  the  nature  of  the  unit  of  mass  taken,  so  that 
in  the  equation  represented  above  it  can  be  assumed  that  the  "12 
parts  by  weight''  of  carbon  refers  to  12  ounces,  or  12  pounds,  or  12 
grams,  etc.,  and  in  each  case  the  relationship  expressed  by  the  equa- 
tion will  hold  good  if  the  same  unit  of  mass  be  used  for  each  of  the 
other  substances  involved  in  the  reaction.  In  chemical  work  it  is 
customary  to  use  the  gram  as  the  standard  of  weight,  and  thermo- 
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chemical  tables  in  stating  the  heat  of  reaction  of  a  substance  usually 
make  use  of  either  the  gram  or  the  molecular  weight  of  the  substance 
expressed  in  grains,  as  the  unit  of  quantity. 

Having  accepted  standards  in  which  the  quantity  of  material  enter- 
ing into  a  chemical  reaction  may  be  stated,  and  having  taken  units  by 
which  the  heat  change  produced  in  the  reaction  can  be  expressed,  it 
becomes  possible  to  systematically  classify  all  thermochemical  data. 
In  the  reaction  that  has  already  been  referred  to,  in  which  12  grams  of 
carbon  unite  with  32  grams  of  oxygen  to  form  44  grams  of  carbon 
dioxide,  it  has  been  found  that  94,300  gram-calories  of  heat  are 
evolved.    This  fact  may  be  conveniently  expressed  as  foUows: 

C+O2=CO2+94,300  calories 

When  12  grains  of  carbon  unite  with  16  grama  of  oxygen  to  form  car- 
bon monoxide,  26,100  calories  are  evolved,  and  this  fact  is  expressed 
in  a  similar  way: 

C+O«CO+26,100  calories 

Carbon  is  an  element  that  exists  in  several  modifications,  and 
accordingly  it  becomes  necessary  to  state  which  variety  of  carbon 
has  been  used  in  any  chemical  equation,  since  the  heat  changes  differ 
with  different  modifications.  Carbon  in  the  form  of  graphite  pro- 
duces a  smaller  quantity  of  heat  when  burned  to  form  carbon  dioxide 
than  does  carbon  in  the  amorphous  condition,  such  as  charcoal. 

Berthelot,  to  whose  work  we  owe  much  of  our<present  knowledge 
of  thermochemistry,  adopted  ciystaUized  carbon  (diamond)  as  the 
standard  form  to  which  all  thermochemical  data  in  regard  to  carbon 
should  be  referred.  As  use  is  made  of  many  of  the  values  determined 
by  Berthelot  in  all  work  with  explosives,  it  is  desirable  to  refer  all  ther- 
mochemical data  regarding  carbon  to  the  same  standard  that  he  used, 
although  for  many  reasons  it  yrould  have  been  better  if  Berthelot  had 
reduced  all  his  results  to  amorphous  rather  than  to  crystallized  carbon. 
Thermochemical  values  based  upon  the  use  of  amorphous  carbon 
may  be  recalculated  in  terms  of  crystallized  carbon,  since  the  thermal 
change  involved  in  the  transformation  of  amorphous  to  crystallized 
carbon  has  been  calculated.    This  value  is: 

C  (amoiphouB)  a  C  (crystallized)  +3,350  calories 

Accordingly,  in  any  reaction  12  grams  of  amorphous  carbon  will 
evolve  3,350  calories  more  than  will  12  grams  of  crystaUized  carbon, 
and  this  same  relation  will  hold  good  in  regard  to  any  enei^  changes 
in  which  carbon  is  involved. 

In  expressing  thermochemical  changes  it  has  been  found  desirable 
to  assume  that  the  thermal  value  of  all  elements  is  zero  and  to  estimate 
all  heat  transfers  upon  this  assumption.  It  has  already  been  seen 
that  when  carbon  unites  with  oxygen  to  form  carbon  dioxide,  94,300 
calories  are  evolved.    Since  the  thermal  values  of  carbon  (crystallized) 
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and  of  oxygen  are  taken  as  zero,  the  94,300  calories  evolved  in  this 
union  of  carbon  and  oxygen  represents  the  fundamental  quantity  of 
heat  in  regard  to  1  gram-molecule  of  carbon  dioxide  produced.  Thus, 
the  amount  of  heat  produced  when  any  material  is  formed  from  its 
elements  is  called  its  ''heat  of  formation,'*  and  represents  the  energy 
boimd  in  the  compound  by  virtue  of  the  affinity  of  its  elementary 
constituents. 

The  heat  of  formation  of  a  material  varies  with  the  physical  condition 
in  which  it  exists.  Thus,  the  heat  of  formation  of  liquid  water  is 
69,000  calories,  while  that  of  gaseous  water  is  58,100  calories,  and 
the  difference  between  these  two  values  represents  the  thennal  change 
involved  in  this  transformation  of  liquid  water  to  gaseous  water. 
The  three  equations  may  be  thus  represented: 

H,+OsHaO  (liquid)  +^|000  calories 

H3+0»H,0  (gaseous)  +^»100  calories 

H,0  (gaseous)  o-HjO  (liquid)  +10,900  calories 

The  quantity  of  heat  produced  in  any  chemical  reaction  has  been 
found  to  vary  according  to  the  temperature  at  which  the  reaction 
occurs.  But,  if  the  substances  entering  the  reaction  and  the  products 
resulting  from  the  reaction  are  brought  to  the  same  temperature, 
so  that  the  initial  and  final  states  of  the  system  are  the  same,  the 
equation  is  imaffected  by  the  temperature  at  which  the  reaction  takes 
place.  In  expressing  all  thermal  values  it  is  customary,  except  where 
a  note  is  made  to  the  contrary,  to  take  0°  C.  as  the  initial  and  final 
temperature  of  the  reacting  substances. 

It  is  one  of  the  laws  of  thermochemistry  that  the  quantity  of  heat 
liberated  or  absorbed  by  any  set  of  chemical  changes  depends  solely 
upon  the  initial  and  final  states  of  the  system,  and  is  the  same  what- 
ever the  nature  of  the  intermediate  steps.  Noting,  therefore,  that 
all  thermochemical  equations  indicate  the  amount  of  heat  liberated  or 
absorbed  in  the  reaction  of  the  original  substances,  at  0^  C,  with  the 
formation  of  the  resulting  products,  also  brought  to  0°  C,  it  will  be 
seen  that  the  thermal  value  which  the  equation  gives  represents 
solely  the  enei^  changes  involved  in  the  transformation  of  the  orig- 
inal to  the  final  substances,  and  is  not  in  any  way  connected  with  the 
reactions  by  which  these  changes  have  been  brought  about.  Because 
of  this  fact  it  is  possible  to  make  calculations  in  regard  to  the  heat 
produced  by  explosives,  although  the  changes  which  occur  in  many  of 
the  reactions  are  vexy  compUcated  and  are  only  imperfectly  known. 

THBBJCOCHBMIST&Y    OF    GAKBOK    DI073DDB    AND    GABBOH 

MONOXIDE. 

Carbon,  either  as  the  element  or  combined  with  other  elements  to 
form  cellulose,  starch,  or  similar  compounds,  is  the  principal  com- 
bustible constituent  used  in  the  preparation  of  commercial  explosives. 
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In  gunpowder,  carbon  is  used  in  tiie  form  of  charcoal.  Pure  charooal 
is  amorphous  carbon  and  ordinary  charcoal  consists  mainly  of  amor- 
phous carbon,  but  also  contains  a  small  proportion  of  hydrocarbon 
compounds.  Nitroglycerin  consists  of  carbon  combined  with  other 
elements,  and  in  dynamite  carbon  is  present  not  only  as  a  component 
of  the  nitroglycerin  biit  also  as  an  essential  constitaent  of  the  wood 
pulp  or  other  active  absorbent  agent  used. 

It  will  accordingly  be  seen  that  the  oxidation  of  carbon  forms  one 
of  the  principal  reactions  that  occur  in  the  chemical  transformations 
involved  in  the  decomposition  of  all  commercial  explosives.  For  that 
reason  information  in  regard  to  the  heat  produced  when  carbon  com- 
bines with  oxygen  in  different  proportions  becomes  of  particular 
interest. 

Li  regard  to  the  reaction 

C+0a«(X)2 

it  has  already  been  noted  that  the  heat  evolved  amounts  to  94,300  calo- 
ries when  the  weights,  expressed  in  grams,  of  the  reacting  substances 
taken  correspond  to  their  chemical  equivalents.  Under  standard  con- 
ditions of  temperature  and  pressure  the  volume  occupied  by  the 
molecular  weight  of  a  gas,  expressed  in  grams,  has  been  found  to  be 
constant  for  all  gases,  and  to  be  equal  to  22.4  liters.  Since  both  the 
oxygen  taken  and  the  carbon  dioxide  produced  in  the  reaction  given 
are  in  grammolecular  quantities,  the  oxygen  represented  in  the  equa- 
tion will  have  a  volume  of  22.4  liters,  and  the  carbon  dioxide  produced 
will  have  the  same  volume,  when  both  are  measured  under  standard 
conditions  of  temperatiure  and  pressure.  It  will,  therefore,  be  seen 
that  no  change  in  volume  occurs  in  this  reaction  when  the  compo- 
nents and  the  products  of  the  reaction  are  taken  in  their  actual  state 
under  ordinary  conditions  of  temperature  and  pressure. 

The  specific  heat  of  a  substance  is  the  ratio  of  the  quantity  of  heat  re- 
quired to  raise  the  temperature  of  a  gram  of  the  sul]^tance  1^  C,  to  the 
quantity  required  to  raise  the  temperature  of  a  gram  of  water  1^  C. 
The  molecular  heat  of  a  substance  is  its  specific  heat  multiplied  by  its 
molecular  weight.  The  heat  capacity  of  a  mixture  may  be  defined  as 
the  sum  of  the  products  obtained  by  multiplying  the  specific  heat  of 
each  constituent  by  its  weight  in  grams,  or  as  the  sum  of  the  products 
obtained  by  multiplying  the  molecular  heat  of  each  constituent  by 
the  number  of  molecules  of  that  constituent  present. 

The  specific  and  molecular  heats  of  gases  have  been  found  to  in- 
crease with  temperature,  and,  in  general,  it  may  be  said  that 

(1)  c«a+6e 

where  a  is  the  molecular  heat  of  the  gas  at  0^  C,  b  the  increment  of  the 
mean  molecular  heat  of  the  gas  for  1^  C,  c  the  mean  molecular  heat  of 
the  gas  at  constant  volume  from  0^  C,  to  t^  C,  and  t  the  temperature 
to  which  the  gas  is  raised. 
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The  mean  molecular  heat  of  carbon  dioxide  between  0^  and 
3,000^  C.  has  been  measured,  and  is  stated  by  Mallard  and  Le  Chate- 

lier*  to  be 

c«6.26-h0.0037t 

By  the  aid  of  this  equation  the  temperature  to  which  a  given  quan- 
tity of  heat  will  raise  a  definite  quantity  of  carbon  dioxide  can  be  cal- 
culated; and  since  the  temperature  to  which  a  substance  is  raised  by 
a  given  quantity  of  heat  is  expressed  by  the  equation: 

(2)  t«f 

where  Q  is  the  number  of  calories  available  to  raise  the  temperature 
of  the  material,  e  is  the  mean  molecular  heat  of  the  material  within 
the  range  over  which  its  temperature  is  to  be  changed,  and  i  is  the  re- 
sulting temperature,  there  is  obtained  by  combining  (1)  and  (2)  and 
transposing  the  formula: 

(3)  f--a+Vg'+46XQ 

2b 

which  indicates  the  temperature  to  which  the  gram-molecular  quan- 
tity of  any  gas  at  constant  volume  can  be  raised  by  a  given  quantity 
of  heat,  Q.  It  should  be  noted  that  these  equations  involving  a,  ft,  c, 
i,  and  Q  are  general  ones  and  are  true  not  only  when  c  represents 
molecular  heat,  but  also  when  it  represents  heat  capacity,  provided 
that  in  each  case  the  value  Q  applies  to  the  same  quantity  of  material 
as  the  factor  c. 

In  the  reaction  of  carbon  with  oxygen  to  form  carbon  dioxide 
Q«»  94,300,  and  in  the  formula  for  the  molecular  heat  of  carbon  diox- 
ide a»6.26  and  &»  0.0037.  Substituting  these  values  for  a,  b,  and  Q 
there  is  obtained: 

.     -6.26+V(6.26)'+4X0.0037X94,30p 

0.0074 
31.62 
^'*0.0074 
f=4,273«» 

The  values  that  are  of  interest  in  regard  to  the  reaction  of  carbon 
with  oxygen  to  form  carbon  dioxide  may  be  summarized  as  follows: 

C+O2»CO,+d4,300  calories 

94,300  calorieB 

^j sscalories  per  gram  of  reacting  materialB=s2,143  calories. 

94,300  calories 

224 ""Calories  per  liter  of  resulting  gas«>4,209  calories. 

22.4 

-^^liters  of  gas  per  gramsO.509  liters. 

MaTimiim  temperature  of  reaction  at  constant  yolume»4,273^. 

a  Anxuaes  des  Wxm,  toL  168,  U88,  p.  624;  Comptes  Readtts,  yol.  93, 1881,  p.  1014. 
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BS ACTION  OF  CAKBON  WITH  OXYGEN  TO  FOBM  CABBON  MONOXIDE. 

When  carbon  unites  with  oxygen  to  form  carbon  monoxide  the 
reaction  may  be  written: 

C-f  O  =00+26,100  calories 
or 

C-f  iO2=CO+26,100  calories. 

The  latter  form  is  the  better  as  it  expresses  in  a  clearer  manner 
the  relationship  of  the  volumes  of  the  gases  concerned  in  the  reaction, 
but  the  first  equation  stated  is  the  one  more  generally  found  in 
tables  of  thermochemical  data.  In  both  equations,  of  course,  the 
same  reaction  is  indicated. 

It  will  be  noted  that  from  one-half  gram-molecular  volume  of 
oxygen  there  results,  in  the  reaction  of  carbon  with  oxygen  to  form 
carbon  monoxide,  1  gram-molecular  volume,  or  22.4  liters,  of  carbon 
monoxide;  and,  as  the  volume  occupied  by  solid  carbon  is  so  small 
as  to  be  negligible,  it  will  be  seen  that  in  the  reaction  there  occurs 
an  increase  in  volume  such  that  the  final  geaseous  product,  carbon 
monoxide,  has  twice  the  volume  of  the  oxygen  originally  present. 
Whenever  a  change  in  volume  occurs  in  a  chemical  reaction  taking 
place  under  ordinary  conditions,  the  gases  that  are  produced  do 
work  in  overcoming  the  pressure  of  the  atmosphere,  and  compensa- 
tion must  be  made  for  the  amount  of  energy  that  is  expended  in 
producing  the  increase  in  volume.  In  the  tables  of  thermochemical 
data  that  are  given  on  page  62,  the  components  and  products  in 
every  reaction  are  considered  in  their  actual  condition  at  15°  C, 
and  accordingly  the  energy  represented  in  any  change  in  volume 
that  has  taken  place  in  the  reaction  has  already  been  allowed  for. 

When  gases  are*  formed  within  a  closed  space,  so  that  they  do  not 
have  to  overcome  the  pressure  of  the  atmosphere,  their  temperature 
vHill  be  higher  by  an  amount  that  is  determined  by  the  energy  that 
would  otherwise  be  expended  in  overcoming  atmospheric  pressure. 
Consequently,  as  the  decomposition  of  explosives  under  the  condi- 
tion of  their  actual  employment  involves  their  use  in  a  closed  space, 
such  as  a  bore  hole  in  some  solid  material,  it  is  desirable  to  calculate 
the  maximum  temperature  produced  by  explosives  when  the  decom- 
position takes  place  under  conditions  of  constant  volume.  As  the 
data  used  give  the  results  of  reactions  calculated  to  conditions  of 
constant  pressure,  it  is  necessary  to  allow  for  the  increased  tempera- 
ture due  to  the  energy  available  as  heat  which  under  conditions  of 
constant  pressure  would  be  employed  in  overcoming  atmospheric 
pressure.  As  already  noted,  1  gram-molecule  of  any  gas  occupies, 
under  standard  conditions  of  temperature  and  pressure,  the  volume 
of  22.4  liters.  The  standard  condition  of  atmospheric  pressure  is 
represented  by  the  pressure  resulting  from  the  weight  of  a  column 
of  mercuiy  76  centimeters  high.     Hence  the  pressure  of  1  atmoa- 
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phere  on  an  area  of  1  square  centimeter  is  represented  by  the  weight 
of  a  column  of  mercury  1  square  centimeter  in  cross  section  and  76 
centimeters  in  height.  Since  the  specific  gravity  of  mercury  is 
13.596,  the  pressure  of  such  a  column  will  be  76X13.596,  or  1,033.3 
grams  per  square  centimeter. 

The  work  done  when  1  gram-molecule  of  gas  (22,400  cubic  cen- 
timeters) is  formed  against  the  pressure  of  1,033.3  grams  per  square 
centimeter,  is  equivalent  to  overcoming  a  pressure  equal  to  the  weight 
of  1,033.3  grams  through  a  vertical  distance  of  22,400  centimeters. 
This  gives  the  energy  required  to  overcome  atmospheric  pressure  in 
the  formation  of  1  gram-molecule  of  any  gas  as  equal  to  23,145,920 
gram-centimeter  units,  a  gram-centimeter  being  taken  as  the  energy 
required  to  Uft  the  weight  of  1  gram  to  a  height  of  1  centimeter  against 
the  earth's  attraction.  The  earth's  attraction  at  45°  latitude  is 
taken  as  980.6  dynes,  and  by  the  aid  of  this  factor  the  work  done  in 
overcoming  atmospheric  pressure  can  be  expressed  in  absolute  units. 
However,  since  the  mechanical  equivalent  of  heat,  or  the  equivalent 
of  1  calorie  in  terms  of  mechanical  energy,  has  been  directly  deter- 
mined as  42,719  gram-centimeter  units,  it  is  convenient  to  use  this 
figure.  Dividing  23,145,920  by  42,719  gives  a  quotient  expressing 
the  number  of  heat  units  represented  in  the  formation  of  1  gram- 
molecule  of  gas  against  atmospheric  pressure.  With  the  constants 
assumed  in  the  calculation  just  made,  the  result  is  542  calories,  but 
the  value  used  in  this  paper  is  545  calories,  because  some  of  the 
constants  used  in  the  calculation  have  slightly  different  values  from 
those  stated. 

In  order  that  the  equation 

C-fO=CO 

shall  show  the  quantity  of  heat  evolved  when  the  reaction  takes 
place  under  conditions  of  constant  volume,  it  is  necessary  to  add  to 
the  26,100  calories  representing  the  heat  produced  at  constant 
pressure,  the  further  sum  of  272.5  calories,  because  of  the  increase 
of  one-half  gram-molecular  volume  that  takes  place. 
Therefore,  in  the  reaction  at  constant  volume^ 

C+0=CO+26,372.5  calories. 

Hence,  Q= 26,372.5  calories. 

The  maximum  temperature  produced  in  the  reaction  is  determined 
as  foUows: 

In  the  equation  c=a+W  for  carbon  monoxide,  a =4.80  and  b  = 
0.0006.  Substituting  these  values  and  that  of  Q  in  equation  (3)  on 
page  21,  gives: 

f^-4.80-hV(4.80)^-f  4X0.0006X26,372^ 

0.0012 
4.492 
'*'0.0012 
t«3,743*» 
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The  most  important  values  relative  to  the  reaction  of  carbon  with 
oxygen  to  form  carbon  monoxide,  at  constant  volume,  are  as  follows: 

C+O-CO+26,372.5  calories. 
— ^ftg  '  —  calories  per  gram  of  reacting  material8s942  calories. 

— 22  4    =  calories  per  liter  of  resulting  ga8=l,177  calories. 

22.4 
-Qg"  =  liters  of  gas  per  gram=0.800  liters. 

Maximum  temperature  of  reaction  at  constant  volumeBs3,743°. 

A  comparison  of  these  values  with  those  for  carbon  dioxide  brings 
out  the  interesting  point  that  although  the  heat  evolved  in  the  reac- 
tion forming  carbon  dioxide  is  94,300  calories,  as  against  only  26,372.5 
calories  in  the  formation  of  carbon  monoxide,  yet  the  temperatures 
produced  in  the  two  cases  are  not  far  different,  the  maximum  tem- 
perature in  the  reaction  forming  carbon  dioxide  being  4,273®,  and 
that  produced  in  the  formation  of  carbon  monoxide  being  3,743®. 

When  the  two  calculations  are  compared  it  is  noted  that  this  result 
is  brought  about  because  of  the  specific  heat  of  carbon  monoxide 
being  so  much  less  than  that  of  carbon  dioxide,  so  that  the  smaller 
quantity  of  heat  produced  in  the  last  reaction  is  sufficient  to  raise  the 
gases  formed  to  a  temperature  almost  as  high  as  when  carbon  dioxide 
is  produced.  This  would  indicate  that  it  is  not  possible  to  materially 
lower  the  temperature  of  any  reaction,  in  which  carbon  unites  with 
oxygen,  by  varying  the  amount  of  carbon  dioxide  and  carbon  mon- 
oxide produced,  so  long  as  these  gases  alone  are  formed  in  the 
reaction.  If,  however,  some  other  material  is  present  in  the  reaction, 
or  some  other  gas  is  formed  which  can  share  the  heat  with  the  main 
products  of  the  reaction,  it  is  quite  evident  that  a  decided  lowering  of 
the  temperature  would  result. 

The  means  that  have  been  taken  to  lower  the  flame  temperature 
of  explosives  without  greatly  decreasing  their  energy  value  will  be 
discussed  in  another  part  of  this  paper,  but  at  this  point  it  seemg 
desirable  to  show  how  markedly  different  the  temperatures  produced 
will  be  in  the  case  of  carbon  dioxide  and  carbon  monoxide  when  some 
other  substance  enters  the  reaction  to  share  with  the  gaseous  products 
the  heat  evolved  by  the  oxidation  of  the  carbon.  As  water,  either 
free,  in  the  form  of  moisture,  or  combined  as  water  of  crystallization, 
is  a  material  frequently  used  in  explosives  to  lower  the  flame  tem- 
perature, the  maximum  temperature  produced  from  12  grams  of 
carbon,  burning  to  carbon  dioxide  and  carbon  monoxide,  respectively, 
will  now  be  calculated  when  1  gram-moleeule  of  free  water  is  assumed 
to  be  present  in  the  reaction. 
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BXACnOV  OF  CABBOV  WITH  OXYaSN  TO  FOBX  CABBOV  DZOXZDB 

IN  THE  PBESBNCB  OF  WATBB. 

The  reaction  under  consideration  is  represented  by  the  following 

equations: 

C+O+HjO  (Uquid)=«C0j+H20  (gas). 

C+0a=C0j=»    94,300  caloriee. 
H3O  (liquid)  to  H3O  (gas) » -10,900  caloriee. 

83,400  caloriee. 
Compenflation  for  change  of  volume,  545  caloriee. 

83,945  caloriee»Q. 

In  the  equation 

c=a+ht 

for  CO,,  a  =  6.26;  J -0.0037;  for  H,0,  a « 5.61;  6  =  0.0033  and  the 
mean  molecular  heats  to  be  used  in  the  calculation  are: 

For  CO2,  c=  6.264-0.0037^ 
For  H,0,  c=  5.61+  .0033*. 

Sum  of  mean  molecular  heate  or  heat  capacity  c=11.87+  .0070^. 

Substituting  these  last  values  and  that  of  Q  in  equation  (3)  on 
page  21,  gives  

.     -11.87 -}-V(11.87)'4-4X0.0070X83,945 

0.014 
38.04 

**  0.014 

<=2,717*' 

In  regard  to  this  reaction  the  principal  factors  may  be  thus  sum- 
marized: 

— ^^r—    ^caloriee  per  gram  of  reacting  materialB= 1,354  caloriee. 

83  945 

2V22  4  ~^^^^  P^'  ii^'  ^^  reeulting  ga8= 1,874  calories. 

44  3 

—^       ^liters  of  gas  per  gramsO.722  liters. 

Maximum  temperature  of  reaction  at  constant  volume=2,717^. 

BB  ACTIOK  OF  OABBON  WITH  OXYOBK  TO  FOBM  O  ABBON  XONOZIDB 

IN  THB  PBBSBNCB  OF  WATBB. 

The  reaction  of  carbon  with  oxygen  to  form  carbon  monoxide 
when  water  is  present  may  be  expressed  as  follows: 

C+0+H,0  (Uquid)=:C0+H30  (gas). 

C+O=»CO+26,100    caloriee. 
H3O  (liquid)  to  H,0  (gas)^  -10,900    calories. 

15,200    calories. 
Compensation  for  change  in  volume  (1}X545)»  817.5  calories. 

16,017.5  calories»Q. 

In  the  equation 
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forCO,a=4.80,  &=0.0006;  forHjOja^S.ei,  J  =  0.0033  and  the  mean 
molecular  heats  to  be  used  in  the  calculation  are: 

For  CO,  c=  4.80-1-0.0006/. 
ForHaO,  c=»  6.61 -f  .0033<. 

Sum  of  mean  molecular  heats  or  heat  capacity,  0=10.41+  .0039t. 

Substituting  these  values  as  in  the  previous  cases  gives: 

~10.414-V(10.41)'-f  4X0.0039X16,017.6 

2X0.0039 

8.62 
0.0078 


t=l,092« 

In  regard  to  this  reaction,  the  principal  factors  may  be  thus  sum* 
marized: 

1  ft  (\1 7  ft 

— '  .  '  «=calorie8  per  gram  of  reacting  materials=348  calories. 

1ft  ni7  ^ 

^*»^'— calories  per  liter  of  resulting  gas^Sd?  calories. 

44  8 

-ji-^liters  of  gas  per  gramsO.974  liter. 


Maximum  temperature  of  reaction,  constant  volimie,=l,092^ 

The  very  great  reduction  of  flame  temperature  which  results  when 
carbon  monoxide  shares  its  heat  with  any  substance  of  high  specific 
heat  is  evident.  One  of  the  most  important  means  used  to  produce 
explosives  of  low  flame  temperature  is  so  to  adjust  the  components 
of  the  explosives  as  to  provide  an  excess  of  carbon  over  the  quan- 
tity required  to  produce  carbon  dioxide.  By  such  adjustment  of  the 
composition  of  the  explosive,  the  formation  of  more  or  less  carbon 
monoxide  is  brought  about,  and  a  gas  of  high  specific  heat,  either 
water  vapor  or  other  gas,  is  provided  to  take  up  a  portion  of  the 
heat  produced  in  the  reaction. 

The  followiog  table  presents  the  more  important  factors  relative 
to  the  union  of  carbon  and  oxygen  to  form  carbon  monoxide  and 
carbon  dioxide  in  the  four  reactions  just  studied: 

I. . .  .C+0a«C0a-f  94,300  calories. 
II. . .  .0+0=004-26,100  calories. 
III. . .  .C+Oj+HjO  (liquid)=C02-f  HjO  (gas)  +83,945  calories. 

IV. . .  .C+O+HjO  (liquid)=:CO+HjO  (gas) +16,017.5  calories. 

I  II          ra  TV 

Oalories  per  gram  of  reacting  materials 2, 143  942  1, 354  348 

Calories  per  liter  of  resulting  gas 4,209  1,177  1,874  367 

Literspergram 0.609  0.800  0.722  0.974 

MftTimiim  temperature  of  reaction,  at  constant  vol- 
ume     4,273**  3,743*'  2,717**  1,092« 
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The  quantity  of  water  in  the  last  two  equations  is  greater  in  pro- 
portion to  the  amount  of  combustible  material  than  would  ever  occur 
in  an  actual  explosive.  Accordingly ;  the  equation  is  of  theoretical 
interest  only,  but  the  very  remarkable  reduction  in  temperature  from 
over  4,000®,  in  reaction  I,  to  only  about  1,000°,  in  reaction  IV,  shows 
clearly  the  lowering  of  the  flame  temperature  that  results  when  carbon 
monoxide  shares  its  heat  with  water  vapor. 

SCAZDCUM  TEMFEBATUBE  PBODXTCED  BY  EXPLOSZVBS  HAVING 

NO  SOLID  PBODXTCTS  OF  COMBUSTION. 

What  is  called  the  '' explosion '^  of  any  chemical  compound  or 
chemical  aggregate  is  simply  the  result  of  a  series  of  very  rapid 
chemical  and  physical  changes  with  their  associated  evolution  of  heat. 
In  general,  certain  combustible  elements  in  the  explosive  are  oxidized, 
and  the  resulting  gases  are  heated  to  a  high  temperature  and  greatly 
expanded  by  the  heat  evolved  from  the  chemical  reactions  taking 
place.  The  point  to  be  emphasized  is,  that  the  chemical  reactions 
that  take  place  during  that  rapid  form  of  decomposition  called  '^ex- 
plosion" are  not  different  in  their  fundamental  nature  from  any  of 
the  ordinary  chemical  reactions. 

Hie  quantity  of  heat  produced  in  any  chemical  reaction  is  an 
absolutely  definite  quantity,  and  as  the  effect  of  any  given  quantity 
of  heat  in  expanding  different  amounts  of  gas  is  also  well  known,  it  is 
evident  that  information  of  decided  value  in  regard  to  the  flame  tem- 
perature of  any  explosive  may  be  obtained  by  suitable  calculation. 
Attention  has  already  been  called  to  the  fact  that  the  quantity  of . 
heat  evolved  in  any  chemical  reaction,  or  any  set  of  chemical  reactions, 
depends  solely  upon  the  initial  and  final  states  of  the  system,  and  is 
independent  of  the  intermediate  reactions. 

As  it  is  possible  to  analyze  an  explosive  with  considerable  exactness, 
and  to  determine  the  constituents  of  the  explosive  and  the  percentage 
of  each  present,  it  is  clear  that  the  initial  state  of  the  explosive  can  be 
readily  determined.  By  firing  a  suitable  charge  of  the  explosive  in  a 
cylinder  strong  enough  to  withstand  the  pressure  produced,  the  prod- 
ucts resulting  from  the  explosive  decomposition  of  the  original 
material  may  be  obtained,  and  by  analysis  of  these  the  final  state  of 
the  explosive  system  may  be  determined.  The  initial  and  final  states 
of  the  explosive  system  being  known,  the  quantity  of  heat  evolved 
when  the  decomposition  of  the  explosive  is  brought  about  may  be 
accurately  determined  since  all  the  factors  are  known. 

The  second  part  of  the  problem,  the  determination  of  the  tem- 
perature to  which  a  quantity  of  heat  will  raise  the  products  of  com- 
bustion, is  at  present  not  capable  of  very  accmrate  solution,  since  the 
laws  governing  the  specific  heats  of  substances  at  high  temperatures 
are  but  imperfectly  known,  and  even  the  laws  in  regard  to  the  change 
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in  specific  heate  with  increasing  temperatures  for  many  common 
substances  are  known  only  approximately. 

By  using  the  best  values  for  specific  heats  that  have  been  deter- 
mined, information  can  be  obtained  in  regard  to  the  maximum  tem- 
perature produced  by  many  explosives.  As  some  of  the  values  enter- 
ing into  such  calculations  are  not  known  with  exactness,  and  as  some 
are  recognized  to  be  mere  approximations  to  true  values,  it  should 
not  be  expected  that  calculations  made  in  this  way  would  have  great 
accuracy.  As  new  and  better  values  are  obtained  for  specific  heats 
of  substances  at  high  temperatures,  more  accurate  calculations  will 
become  possible,  but  even  with  the  present  data  it  is  possible  to 
obtain  values  that  are  of  great  importance  in  showing  in  what  direc- 
tion the  change  in  composition  of  explosive  materials  should  proceed, 
in  order  to  obtain  explosives  of  low-flame  temperature. 

As  it  is  to  be  expected  that  such  errors  as  enter  into  calculations 
of  this  sort  will  appear  in  all  calculations  equally,  it  is  also  apparent 
that  the  question  whether  one  explosive  will  produce  a  higher  flame 
temperature  than  another  can  be  answered  by  calculation.  And  as 
the  temperatures  of  explosives  that  have  and  of  those  that  have 
not  passed  official  tests  in  the  presence  of  explosive  mixtures  of  fire 
damp  or  coal  dust  with  air  have  been  calculated,  the  manufacturer 
may  select,  by  the  aid  of  such  calculations  made  upon  his  explosives, 
those  explosives  that  may  most  reasonably  be  expected  to  show 
favorable  results  upon  being  tested.  He  will  thus  greatly  lessen 
the  amount  of  work  necessary  in  testing  explosives  and  also  increase 
his  own  chances  of  submitting  explosives  that  shall  show  favorably 
in  the  official  teste. 

From  such  calculations  as  have  already  been  made  it  would  seem 
that  any  detonating  explosive  whose  flame  temperature,  calculated 
by  the  method  that  will  be  followed  in  this  paper,  is  lower  than 
1,700^  C,  will  be  reasonably  sure  to  pass  all  of  the  tests  required  at 
the  Pittebuigh  station  for  inclusion  in  the  ''permissible"  list.  Deto- 
nating explosives  having  flame  temperatures  (calcidated  in  the  same 
manner)  between  1,700^  and  2,200^  C.  may  or  may  not  pass  the 
tests.  Those  having  temperatures  near  1,700^  C.  may  pass  the  tests; 
those  whose  temperatures  exceed  2,000^  C.  are  much  less  likely  to 
do  so.  Explosives  whose  calculated  flame  temperatures  lie  above 
2,200^  C.  may  be  assumed  to  be  unworthy  of  test,  since  it  is  extremely 
doubtful  if  any  explosive  having  so  high  a  flame  temperature  could 
succeed  in  passing  the  tests,  and  even  should  it  do  so  its  change 
limit  would  be  so  low  as  to  make  it  unsuitable  for  general  mining 
purposes. 

In  all  cases  where  reactions  are  c<mBidered  in  which  the  produets 
of  explosive  decomposition  remain  for  some  time  imder  pressure  while 
cooling  (as  is  tiie  case  in  experiments  made  in  closed  bombs,  etc.). 
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there  are  a  number  of  factors  which  must  be  given  consideration  to 
enable  correct  results  concerning  the  maximiun  temperature  produced 
to  be  determined.  Recent  investigations  along  this  line  have  been 
made  <*  showing  the  influence  of  secondary  reactions  as  affecting  the 
explosion  temperature  as  calculated  by  thermochemical  methods. 
Those  who  desire  an  exhaustive  treatment  of  this  subject  may  consult 
the  references  cited,  but  these  factors  will  not  be  taken  up  here,  since 
this  paper  is  concerned  mainly  with  the  relative  explosion  tempera- 
tures of  different  explosives,  and  it  is  probable  that  such  secondaiy 
effects  as  the  reversible  reaction  between  carbon  dioxide  and  hydro- 
gen, for  example,  or  the  formation  of  methane  through  the  reaction 
of  carbon  monoxide  and  hydrogen,  would  not  be  sufficiently  important 
to  alter  the  relative  positions  of  different  explosives,  when  tested 
under  identical  conditions  and  calculated  by  the  methods  which  will 
be  outlined. 

In  a  bulletin  now  being  prepared  for  publication  by  the  Bureau  of 
Mines  the  author  will  take  up  in  detail  the  influence  of  the  formation 
of  methane  and  other  secondary  compounds  upon  the  flame  temper- 
atures and  pressures  involved  in  the  use  of  permissible  explosives, 
as  well  as  of  explosives  used  in  blasting  and  quarrying.  Until  the 
data  required  for  this  paper  can  be.  assembled  the  flame  temperatures 
as  worked  out  by  the  methods  herein  outlined  may  be  used  as  tenta- 
tive results;  it  is  believed  that  they  will  answer  for  most  practical 
purposes. 

THE   HAZIMTTM  TBMFEBATUBE  OF  EXPLOSION  OF  NTTBO- 

OLYCBBIN. 

The  chemical  changes  that  take  place  upon  the  explosion  of 
nitroglycerin  may  be  represented  by  the  reaction: 

4C3H5(ONO2)3«10H2O+6N2+12CO2+Oa. 

Analyses  of  the  liquid  and  soUd  products  resulting  from  the  explosion 
of  small  quantities  of  nitroglycerin  in  strong  steel  cylinders  have 
given  results  that  practically  accord  with  the  above  equation.  The 
equation  represents  4  molecular  equivalents  of  nitroglycerin  forming 
upon  explosion  10  gram-molecules  of  water,  6  gram-molecules  of 
nitrogen,  12  gram-molecules  of  carbon  dioxide,  and  1  gram-molecule 
of  oi^gen. 

From  such  data  it  is  possible  to  calculate  the  number  of  heat  units 
evolved  in  the  explosion  of  a  given  weight  of  nitroglycerin,  the  max- 
imum pressure  that  would  be  produced  if  the  gases  were  retained  in 
the  space  originally  occupied  by  the  explosive,  and  the  maximum 
temperature  produced  xmder  the  same  conditions.    The  reacting 

•  Poppenberg  and  Stephan,  Zeltachr.  ges.  Schless-Sprengstoflw.,  vol.  5,  pp.  281  and  306;  pp.  366  and  810; 
•ad  pp.  452  and  474. 
Kast,  Z.,  Zeitachr.  ges.  Schleas-Sprengstoilw.,  vol.  5,  pp.  205  and  248;  and  p.  370. 
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4  gram-molecules  of  nitroglycerin  are  decomposed,  and  therefore 
the  number  of  calories  represented  by  the  formation  of  this  nitio- 
glycerin,  if  substracted  from  the  number  of  calories  represented  by 
the  heats  of  formation  of  all  the  final  products,  will  give  the  number 
of  heat  units  evolved  when  the  above  quantity  of  nitroglycerin  is 
resolved  into  its  decomposition  products. 

To  calculate  the  maximmn  temperature  reached  it  is  necessaiy 
to  consider  the  water  produced  in  the  reaction  as  existing  in  the  gaseous 
state,  and  hence  its  heat  formation  is  taken  as  58, 100  calories,  instead  of 
69,000  calories,  which  would  be  the  value  if  the  determination  had  been 
carried  out  in  a  calorimeter  and  the  resulting  products  brought  to  a 
temperature  below  the  boiling  point  of  water.  The  molecular  weight 
of  nitroglycerin  is  227.  As  has  been  noted,  it  is  convenient  to  use 
in  thermochemical  calculations  the  molecular  weight  of  a  substance 
expressed  in  grams.  In  the  case  of  nitroglycerin,  therefore,  the 
quantity  of  material  to  be  considered  in  the  reaction  is  227  grams. 
Owing  to  the  fact  that  the  volume  of  all  gases  can  be  expressed  as  a 
veiy  simple  relationship  to  their  molecular  weights  it  is  convenient 
to  consider  in  a  reaction  such  a  number  of  molecules  as  will  cause  all 
the  figures  for  gases  to  come  out  in  molecular  quantities.  The 
quantity  of  oxygen  that  is  produced  by  the  decomposition  of  1 
molecule  of  nitroglycerin  is  one-quarter  molecule,  and  in  this  calcu- 
lation, to  avoid  fractions,  4  gram-molecules  of  nitroglycerin  are 
assumed  to  be  taken. 

To  calculate  the  maximum  temperature  produced  by  the  explo- 
sion of  nitroglycerin,  according  to  the  reaction 

the  products  of  explosion  are  assumed  to  occupy  the  same  volume  as 
the  original  explosive.    The  calculation  is  as  follows: 

Heat  of  fonnation  of  10  gram-molecules  of 

gaaeoua  water =10X58, 100  calories^    581, 000  caloriee. 

Heat  of  fonnation  of  12  gram-moleculee  of 

carbon  dioxide =12X94, 300  calories**!,  131, 600  calories. 

Compensation  for  29  gram-molecules  of  gas,  \ 

at  constant  volume =29X545  =      15, 805  calories. 

1, 728, 405  calories. 

The  heat  of  formation  of  1  gram-molecule  of  nitroglycerin  is  98,900 
calories  (see  table  on  p.  62)  and  the  heat  of  formation  of  4  gram- 
molecules  will  be  4  X  98,900  «  395,600  calories.  This  amount  must 
be  subtracted  from  the  sum  of  the  heats  of  formation  of  the  products 
that  result  from  the  explosion  of  the  nitroglycerin,  thus  giving 
1,728,405- 395,600 « 1,332,805,  which  is  the  number  of  calories 
evolved  when  4  gram-molecules  (908  grams)  of  nitroglycerin  is  decom- 
posed in  the  manner  expressed  by  the  reaction  given.    It  is  con- 
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veuient  to  represent  the  number  of  calories  that  are  evolved  in  the 
course  of  a  given  reaction  by  the  symbol  Q,  so  that  it  may  be  said  that 

4C8H5(ONOa)j=10H2O4-6N2-fl2CO2-fO2 
Q,  at  constant  volume,  water  gaseous, « 1,332,805  calories. 

MAXIMUM  TEMPER ATUBE  PBODUCED. 

The  mean  molecular  heat  or  the  mean  specific  heat  of  1  gram- 
molecule  of  Hfi  in  the  form  of  a  gas,  at  constant  volume,  is  5.61  + 
0.0033^,^  and  of  carbon  dioxide  6.26  +  0.0037/.<>  Nitrogen  and 
oxygen  have  the  same  molecular  heat,  which  is  4.80 + 0.0006^.^ 
Since  the  heat  capacity  of  a  mixture  of  gases,  as  previously  defined, 
is  the  sum  of  the  products  obtained  by  multiplying  the  molecular  heat 
of  each  constituent  by  the  number  of  molecules  of  that  constituent, 
the  total  heat  capacity  of  the  products  of  combustion  is  obtained  as 
follows:  i 

The  products  of  combustion  are  10H,O-f-6N,  +  120O,  +  O3.  The 
mean  molecular  heat  of  each  gas  is  represented  by  the  equation 

Heat  capacity  of  IOH3O  —10X5.61—  56.10+10X0.0O33t»0.033Ot 

Heat  capacity  of  12C0  —12X6.26—  75.12+12X  .0037t»  .0444t 

Heat  capacity  of  6N-fO—  7X4.80—  33.60-}-  7X  .0006t=  .0042* 

Total  heat  capacity  c »164.82+  .08161 

Substituting  in  the  general  equation  these  values  for  a  and  b  and 
the  value  of  Q  determined  above,  the  value  of  t  is  found: 

^=~164.824-V(164.82)'4-4X0.0816X1,332,865 

2X0.0816 
<=«515.02 

0.1632 

<=3,155*» 

THB   XAXDCUX  TBMFBBATUBB   OF  EXPLOSION  OF   AHMOmUM 

NTTBATE. 

Berthelot^  has  found  that  ammonium  nitrate  may  be  decom- 
posed in  several  different  ways,  according  to  the  conditions  under 
which  its  decomposition  is  brought  about.  As  each  of  these  types 
of  decomposition  involves  a  different  chemical  reaction  and  results 
in  products  having  varying  heats  of  formation,  it  is  evident  that  the 
quantity  of  energy  set  free  by  the  decomposing  of  a  given  amount  of 
ammonium  nitrate  will  depend  upon  which  type  of  reaction  occurs. 
It  is  difficult  to  cause  pure  ammonium  nitrate  to  explode,  but  several 
explosives  are  in  common  use  that  contain  large  percentages  of 
ammonium  nitrate,  and  the  reaction  that  the  ammonium  nitrate 
follows  upon  the  explosion  of  these  materials  can  be  expressed. 
When  associated  with  other  explosive  materials — as,  for  example, 
with  small  amounts  of  nitroglycerin — the  detonation  of  ammonium 
nitrate  is  readily  brought  about.     If  the  associated  nitroglycerin  is 

a  Table  4,  p.  61.  b  But  la  Force  des  Matitees  Explosives,  vol.  1,  p.  21. 


82  EXPLOSIVES  USED  IK  COAL  MIKES. 

disregarded  and  only  the  reaction  that  the  ammonium  nitrate 
undergoes  is  considered,  the  detonation  may  be  expressed  by  the 
following  equation: 

2NH4NO8=2Na-HHa0-i-0a 

J     Calculation  of  Q: 

Heat  of  f onnation  of  4H2O  =4  X58, 100»232,400  calories 

Oompenaation  for  7  gas  vols.        =7X     545=    3,815  calories 


236,215  calories 
Heat  of  foimation  of  2NH4NO8        =2  X88,050=176,100  calories 


Q==  60,115  calories 

Heat  capacity  of  4H,0      --4X5.61--22.44+4X0.0033t»0.0132f 

0018£ 
Heat  capacity  of  2Na+O2=r3X4.80=14.40+3X  .0006^=:  ^gjg^ 

Total  heat  capacity  c»36. 84 +0.0150^ 

Substituting  these  values  for  a,  h,  and  Q  in  the  general  equation 
gives  as  the  value  of  t: 

-36.844-V(36.84)'4-4X0T0i5X60,115 
^~  2X0.015 

33.62 
^~  0.03 
<=1,121« 

■ 

The  method  of  calculating  the  maximum  temperature  produced 
by  an  explosive,  may  be  outlined  as  follows : 

From  the  chemical  analysis  of  the  explosive  the  composition  of 
the  explosive  expressed  in  terms  of  the  molecular  weights  of  its  con- 
stituents is  obtained  by  dividing  the  percentage  of  each  constituent 
present  by  its  molecular  weight.  These  figures  are  then  reduced  to 
a  more  convenient  form  for  calculation  by  dividing  each  one  by  the 
value  obtained  for  the  one  lowest  in  amount.  In  this  manner  the 
number  of  gram-molecules  of  each  constituent  present  is  represented, 
when  it  is  assumed  that  the  amount  of  that  constituent  present  in  the 
smallest  quantity  amounts  to  1  gram-molecule,  and  the  set  of  figures 
obtained  represents  the  initial  composition  of  the  explosive  expressed 
in  gram-molecules.  By  multiplying  the  number  of  gram-molecules 
of  each  substance  by  its  molecular  weight  the  total  number  of  grains 
of  material  expressed  in  the  equation  is  indicated.  The  initial  con- 
dition of  the  explosive  having  been  thus  represented,  the  final  con- 
dition is  expressed  in  gram-molecular  quantities  by  a  similar  series  of 
calculations  based  upon  the  results  of  the  analysis  of  the  products  of 
combustion.  The  gram-molecular  quantities  of  the  products  of 
combustion  are  readily  obtained  from  the  per  cent  composition  found 
by  analysis  and  the  total  number  of  grams  of  material  represented 
in  the  equation,  as  indicated  above. 

Should  the  cartridge  of  explosive  analyzed  represent  absolutely 
tiie  composition  of   the  material  fired  in  the  gage,  and  should  the 
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analysis  of  the  products  of  combustion  be  absolutely  exact,  the  two 
sides  of  the  equation  thus  obtained  should  balance  perfectly.  But 
different  cartridges  of  the  same  explosives  vaiy  somewhat;  methods 
of  analysis  are  not  absolutely  accurate;  the  collection  of  gaseous  and 
liquid  products  of  combustion  is  not  easy,  and  the  analysis  of  these 
products  often  suffers  from  many  difficulties  and  inaccuracies.  Hence 
it  is  evident  that  the  balancing  of  the  two  sides  of  the  equation  is 
never  exact,  but  with  careful  work  the  balancing  will  be  sufficiently 
close  to  indicate  with  a  veiy  good  degree  of  approximation  the  course 
of  the  explosive  decomposition.  Allowance  is  nearly  always  made 
in  the  weighed  products  of  decomposition  for  the  quantity  of  water 
which  escapes  as  vapor  when  the  cylinder  in  which  the  decomposition 
takes  place  is  opened. 

It  will  thus  be  seen  that  the  first  step  in  the  calculation  is  to  express 
the  composition  of  the  explosive  and  of  the  products  of  decomposi- 
tion by  chemical  formulas,  thus  obtaining  an  equation  representing 
the  quanti^  of  each  material  that  enters  into  tiie  reaction  and  the 
quanti^  of  each  product  that  results  therefrom.  From  the  com- 
plete equation  representing  the  reaction  the  heats  of  formation  of 
the  constituents  entering  the  explosion  are  determined.  In  this  way 
the  amount  of  energy  that  exists  in  the  original  material  in  a  bound 
condition  is  found.  By  subtracting  this  amount  from  the  total  heat 
of  formation  of  all  the  products  resulting  from  the  explosive  decom- 
position there  is  obtained  a  measure  (Q)  of  the  amount  of  eneigy 
set  free  in  the  reaction  indicated. 

A  given  quantity,  Q,  being  taken  to  represent  the  number  of 
calories  produced  by  the  explosive  reaction,  it  is  only  necessary  to 
obtain  the  value  that  shall  represent  or  shall  closely  approximate 
the  heat  capacity  of  the  material  in  order  to  determine  the  tem- 
perature that  will  be  reached.  Taking  all  the  products  of  combus- 
tion and  adding  together  their  heat  capacities,  a  value  b  obtained 
representii^g  the  total  heat  capacity  of  the  material  of  which  the 
temperature  is  assiuned  to  be  raised  by  the  amount  of  heat  produced 
in  the  reaction. 

The  total  heat  capacity  of  the  products  of  explosion  being  deter- 
mined, the  equation 

(in  which  e  is  the  total  heat  capacity  and  Q  is  the  number  of  calories 
produced  by  the  explosion)  enables  the  temperature  to  be  determined. 
The  most  convenient  form  in  which  to  carry  out  this  calculation 
has  already  been  mentioned  and  is  represented  by  the  equation 
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where  a  and  h  are  the  two  terms  of  the  total  heat  capacity  of  ihe 
products  of  reaction,  Q  is  the  number  of  calories  evolved  in  the  reac- 
tion, and  i  is  the  maximum  temperature  produced. 

The  method  of  calculation  with  an  explosive  that  has  no  solid 
products  of  combustion  is  shown  in  the  foUowing  examples: 

Caiculation  of^  maxiofnum  temperature  of  an  ammonium  nitraie  explosive. 


1 

8 

s 

Composition. 

4 

5 

6 

Components. 

Formula. 

0 

Molecular 
weight. 

Column  • 
column  4 

Oohimn  6 
0U)1284 

HiO 

o.eo 

8.37 

83.14 

4.65 

3.24 

18 
227 

80 
302 
137 

0.03330 
.09687 

1.O300O 
.01284 
.02365 

2.506 

Nltroglyoerin 

m°^!^^::::::: 

2.871 

AmnMHiium  nitrate 

80.02 

Wood  pulp 

CmHoOm 

1.00 

Mono-nftrotoluol 

CtHtNOi 

1.84 

100.00 

- 

The  foUowing  expression  represents  the  composition  of  the  explo- 
sive expressed  in  gram-molecules: 

2.596H20+2.871C,H5(NO,)a+80.92NH4NO,-fCi5HBO,o4-1.84C7H7NOj 

SUM  OF  MOLECULAR  WEIGHTS X NUMBER  OF  MOLECULES. 

2.596X  18=  46.73 
2.871X227=  651.70 
80. 920  X  80»6,474.00 
1.000X362=  362.00 
1.840X137=    262.10 


Weight  in  grains  of  explosive  considered  in 
the  calculation 7,786.63 

PRODUCTS  OF  COMBUSTION  FROM  200  GRAMS  OF  BZPLDSiyB. 

Grams. 
Gaseous^llL  8 
Liquid  =86.7 


197.6 
2. 6  (loss) 


200.0 


Assuming  this  loss  to  be  HjO, 


QraiBS. 
88.2 
Total  gas  »111. 8  ^'  Gas 


Total  HoO—  88. 2        HnO' 

or 


Peroent. 
44.1 
66.9 


200. 0  100. 0 

7,786.63X44.1  per  cent=3,433.86,  weight  in  grains  of  H^O  corresponding  to  7,786.63 

grains  of  explosive. 
7,786.63X66.9  per  cent=4,361.67,  weight  in  grains  of  gases  corresponding  to  7,786.63 

grains  of  explosive. 
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Analysis  of  gases. 


COi 

o,. 

Ni. 


For  cent  by 
volume. 


100.0 


Weight  in 
litter. 


Orami. 

-      30.8 

0.60S2 

1.6 

.0214 

67.7 

.8489 

1.4765 


Per  cent  by 
weight. 


41.01 

1.45 

57.64 


100.00 


Weight  of 
lUter. 


I 


1.966 
1.429 
1.254 


Number  of  gram-molecules  of  each  of  the  gaseous  products  from 
7,786.53  grams  of  explosive: 


4,361.67X0.4101 


44 


»  40.56  moleculee  CO, 


4,351.67X0.0146        ,  ^^       ,       ,     ^ 
-^ 22 ^    1  '^7  moleculeB  O, 


4,351.67X0.5754 


28 


3,433.86 
18 


a  89.73  moleculee  N, 


=190.77  molecules  HjO 


It  being  assumed;  then,  that  the  calculation  deals  with  7,786.53 
gramsof  explosive,  the  following  equation  expresses,  in  gram-molecules, 
the  quantities  involved  in  the  explosion: 

2.596HaO+2.871C,H5(NOs)s+80.92NH4NO8+1.00C,5H„O,0-fl.84OvH7NO2=40.56 

COj+1.97O2-f89.78Nj+190.77H2O 

The  following  comparison  of  the  quantities  of  each  element  found 
on  each  side  shows  that  the  equation  nearly  balances: 


INITIAL  STATE. 

FINAL  STATE. 

377.  107 

Hydrogen 

381.54 

284.875 

Oxygen 

275.83 

36. 493 

Carbon 

40.56 

172. 493 

Nitrogen 

179.56 

870.968 


877. 49 


Arranging  the  equation  in  a  more  convenient  form: 


INITIAL  STATE. 

FINAL  STATE. 

2. 696HaO 

40. 56CO3 

2.871C,H5(NO,)3 

1.  97O2 

80. 92ONH4NO, 

89.  78N2 

1.  OOOCjftHjaOio 

190.  77H3O 

1. 840C7H7NOa 

323. 08  number  of  gas  volumes 
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HEATS  OF  FORMATION  OF  DECOHP08I-  HEATS  OF  FORMATION  OF  ORIGINAL 

TION  PRODUCTTS.  CONSTITUENTS. 

Calories.  Calories. 

190.77X58,100=11,083,737  2.596X  69,000=    179,124 

40.56X94,300=  3,824,848  2.871X  98,900=    283,942 

«323.08X     545=      176,076  80.920X  88,050=7,125,006 


1.000X463,360=    463,360 

15,084,661  1.84  X  11,300=     20,792 

8,072,224 

Q=15,084, 661 -8,072,224=7,012,437  calories  =  heat  evolved  by  explosion  of  7,786.53 

grains  of  explosive. 

BEAT  CAFAdTT  OF  DECOMPOSITION  PRODUCTS  FROM   7,786.53  GRAMS  OF  EZPLOSIYE. 

c—a-\-bt 

a  26X  40. 56=    26a  9056+  40.  56  XO.  0037t=0. 150072^ 

5.  61X190.  77=1, 070.  2197+190.  77  X  .  0033«=  .  629541^ 

4.  80X(L  97+89.  78)=    440.  4000+(1.  97+89.  78) X  .  0006«=  .  055050( 

Total  heat  capacity  c      =1,764.5263  +  .834663e 

Substituting  the  above  values  for  Q,  a,  and  h  in  the  general  equation 
gives  the  value  of  t: 

,     -1,764.5253+Va;764.5253)»+4X0.834663X7,012,437 
'""  2X0  834663 

3,386 

*'"  1.669326 

«=2,028^C 

SPBOXFIO  KEATS  OF  SOLID  SUBSTANCES  AT  HIGH  TEXPEBA- 

TTJBES. 

Solid  substances  are  frequent  among  the  decomposition  products 
of  explosives,  and  it  becomes  necessary  to  calculate  the  amount  of 
heat  absorbed  in  raising  these  solids  to  the  temperature  of  explosion. 
Most  solid  substances  show  only  a  small  increase  of  specific  heat  with 
increasing  temperatures,  but  the  increment  is  too  great  to  be  neglected. 
In  cases  in  which  direct  determinations  have  been  made  it  has 
been  found  that  the  rate  of  increase  for  different  substances  varies 
somewhat.  Accordingly,  there  can  exist  no  simple  rule  for  deducing 
the  specific  heat  of  a  substance  at  one  temperature  from  data  that 
may  have  been  obtained  at  some  other  temperature.  Most  substances 
show  an  increase  of  specific  heat  with  increasing  temperature;  this 
increase  is  gradual  and  quite  regular  so  long  as  there  is  no  physical 
or  chemical  change  in  the  body.  Near  the  melting  point  the  specific 
heats  of  many  substances  change  rapidly,  and  this  is  especially  true 
as  regards  amorphous  bodies  passing  into  the  liquid  state. 

From  an  extensive  study  of  the  specific  heats  of  solids,  Kopp 

deduced  the  law  that  their  specific  heat  at  ordinary  temperatures  is 

.  additive;  that  is,  that  the  molecular  heat  of  a  solid  (the  product  of  the 

a  Compmsation  for  gas  at  constant  volame. 
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specific  heat  times  the  molecular  weight)  is  equal  to  the  sum  of  the 
atomic  heats  of  the  elements  which  it  contains.  Kopp^  found  the 
atomic  heat  of  most  of  the  elements  to  be  practically  a  constant  (6.4) ^ 
the  following  being  the  principal  exceptions: 

Sulphur,  phoephorus,  and  boron 6. 4 

Fluorine 6. 0 

Silicon 3. 8 

Hydrogen 2.3 

Oxygen 4. 0 

Carbon 1. 8 

By  means  of  the  above  data  the  specific  heats  of  solid  compounds 
for  which  no  experimental  values  are  available  may  be  calculated, 
but  it  is  advisable  to  depend  on  the  actual  values  obtained  by  experi- 
ment, where  such  are  available. 

As  an  example,  calcium  carbonate  may  be  taken.  The  specific 
heat  of  calcium  carbonate  at  ordinary  temperatures  has  been  found 
to  be  0.203.  The  molecular  heat  of  CaCO,  would  be  100  X  0.203 = 20.3. 
Calculation,  by  Kopp's  law,  gives  6.4  (atomic  heat  of  calcium) +  1.8 
(atomic  heat  of  carbon) +  3X4  (atomic  heat  of  3  atoms  of  oxygen), 
the  sum  being  20.2.     The  agreement  is  close. 

For  higher  temperatures  it  is  found  that  the  constants  stated 
no  longer  hold  true,  and,  as  the  temperatures  for  which  the  specific 
heats  are  desired  in  the  calculations  of  explosives  are  in  general  higher 
than  those  that  have  been  determined  directly,  the  most  convenient 
means  of  calculating  specific  heats  appears  to  be  to  take  advantage 
of  the  known  increments  of  most  elements  through  the  range  in  which 
actual  heat  determinations  have  been  made,  and  to  assume  that  this 
same  relation  holds  for  higher  temperatures.  As  actual  determina- 
tions have  been  made  up  to  a  temperature  of  1,600^  C.  in  some  cases, 
and  as  the  temperatures  for  which  figures  are  desired  will  usuaUy  be 
about  1,800**  to  2,000**  C,  this  will  be  seen  to  involve  very  small  chances 
of  error. 

The  specific  heat  of  most  elements  has  been  found  to  increase 
by  an  amount  equal  to  0.0003  to  0.0005  of  its  value  at  zero  for  each 
increase  of  1**  C,  and  therefore,  although  not  strictly  accurate,  the 
mean  value  0.0004  may  be  used  as  representing  a  convenient  ap- 
proximation to  the  increase  in  specific  heat  of  a  solid  for  each  increase 
of  1®  C.  from  zero.  Since  in  calculations,  not  the  true  specific  heat, 
but  the  mean  specific  heat  from  zero  to  the  temperature  reached  in 
the  reaction  is  used,  the  value  used  will  be  one-half  of  the  sum  of 
the  specific  heats  at  zero  and  at  the  required  temperature  t  This 
value  may  be  conveniently  expressed  by  the  equation 

SmCc-i-)  =  So+SoX0.0002« 
•  Kopp,  Hermann,  Lieb.  Ann.  Snppl.  3,  part  3, 1804-6,  p.  280. 
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where  SmCo^.^o)  equals  the  mean  specific  heat  of  a  substance  from 
zero  to  the  temperature  t,  and  where  So  equals  the  specific  heat  of 
the  substance  at  zero. 

Although  very  few  determinations  of  specific  heats  of  solids  at 
high  temperatures  have  been  made^  results  indicate  that  the  increase 
in  specific  heat  becomes  less  at  high  temperatures;  but  in  all  cases 
has  a  positive  value. 

For  a  considerable  range  on  each  side  of  2,000®  C.  it  is  believed 
that  the  use  of  the  increment  0.0002,  in  the  mean  specific  heat,  for 
each  degree  of  rise  in  temperature,  gives  results  that  are  very  close 
to  the  true  value,  and  although  it  is  clear  that  for  lower  temperatures 
this  increment  would  not  give  high  enough  values,  yet  for  such 
temperatures  as  those  dealt  with  it  would  seem  to  give  reliable 
results.  As  another  example  take  calcium  siUcate.  This  substance, 
CaSiOj  (molecular  weight  116),  has  a  specific  heat  at  0®  C.  of  0.174* 
and  a  mean  specific  heat  between  0°  and  1,100®  C.  of  0.2404.  Its 
molecular  heat  would  then  be  116x0.174«20.18  at  0®C.  and  116x 
0.2404=27.88  for  the  mean  between  0®  and  1,100®  C. 

Calculating  by  Kopp's  law,  the  molecular  heat  at  0®  C.  would  be 
found  to  be  6.4  (atomic  heat  of  calcium)  +3.8  (atomic  heat  of  silicon) 
+  3X4  (3 X atomic  heat  of  oxygen),  a  total  of  22.2,  as  against  the 
experimental  value  of  20.18. 

Calculating  the  mean  specific  heat  between  0®  and  1,000®  C.  by 
the  formula 

Sm(o« -r)=So+SoX0.0002« 
SmCo'-^ioo-)^©.  174+0.174X0.0002X1,100 

=0.212,  mean  Bpecific  heat  between  0^  and  1,100^ 

Then  the  mean  molecular  heat  is  0.212X1 16  =  24.62,  as  compared 
with  the  experimental  value  of  27.88. 

The  application  of  these  data  to  the  solution  of  problems  relative 
to  explosions  yielding  soUd  products  will  now  be  considered. 

THB  MAXIMX7M  TBMFEBATTmB  OF  EXPLOSIVES  HAVIKO  SOUD 

PBODXTCTS  OF  COHBTTSTION'. 

In  the  case  of  explosives  yielding  solid  products  of  combustion  it 
is  necessary  to  consider  the  amount  of  heat  required  to  raise  the  tem- 
perature of  such  soUds  as  are  produced  from  the  initial  to  the  final 
temperature.  This  causes  the  value  of  c  in  the  equation  to  have  a 
somewhat  different  value  than  is  the  case  when  no  solids  need  be 
considered.  From  the  rules  given  in  the  preceding  chapter  the 
specific  heat  at  zero  of  all  soUds  entering  the  reaction  may  be  calcu- 
lated, this  forming  the  a  term  in  the  equation 

•  Walter  P.  White,  Am.  Jour.  Science,  voL  28,  Oct.,  1909»  p.  334. 
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The  value  of  the  h  term  is  readily  determined  from  the  equation 

Sm(ffi-<')-So-t-SoXO.  0002< 

which  shows  that  b  is'  represented  hy  So  X  0.0002.  Making  the  proper 
allowance  for  the  specific  heats  of  the  soUds  concerned,  the  calcula^ 
tion  is  carried  out  in  exactly  the  same  manner  as  for  explosives 
having  no  soUd  products  of  combustion.  The  following  examples 
show  the  work  in  full: 

Temperature  of  explosion  of  a  blade  blasting  powder. 


Components. 


Mobtnre. 

Sodium  nitrate 

Sulphur 

Charooal 


2 


Formula. 


HiO.... 
NaNOi. 

8 

C 


s 

4 

Composition. 

Molecular 
weight. 

o.ao 

7a  57 
10.89 
17.74 

18 
86 
32 
12 

Colunm  S 
Column  4 


a(H44 

.8302 

'  .3403 

1.4800 


Column  6 
0.0444~  ' 


1.00 
18.70 

7.66 
33.40 


The  following  expression  represents  the  composition  of  the  ex- 
plosive in  gram-molecules: 

1.00HaO-}-18.70+NaNO,+7.66S+33.40C 

8XJM  OF  MOLECULAR  WEIGHTS  X  NUMBER  OF  MOLECULES. 

1.00X18=  18 
18.70X85=1,590 

7.66X32=  245 
33.40X12=    401 


Weight  in  grams  of  explosive  con- 
sidered in  the  calculation 2, 254 

PRODUCTS  OF  COMBUSTION  FROM  300  GRAMS  POWDER. 

GniDS.    Percent. 
Gas      =154.4=  51.47 
Solids  =141. 5=  47. 17 
Water  =    4. 1=    1. 36 


300. 0=100. 00 


SOLin  PRODUCTS. 


Soluble     91.2  per  cent  X  141.5=129.05  grams=43. 02  per  cent  of  total  products. 
Instduble   8.8  per  cent  X  141.5=  12.45  granis=  4. 15  per  cent  of  total  products. 

47. 17  per  cent. 

INSOLUBLE  80UD8. 

Carbon=12.45  grams=4.15  per  cent  of  products. 

80LUBLB  SOLlDa. 

129.05  gruns—43.02  per  cent  of  products. 
H3S  in  gaseB=8.24  per  cent  (154.4  grams  gases)  (S  in  H2S=94.1  per  cent) 

0.0824X154.4X0.941=11.97  grams-S  in  H^ 
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0.1089X300»32.67  gramBaS  total  in  powder  (300  fi^ms) 

32.67— 11.97«20.70  gTamB»S  in  eolids 

aasumed  to  be  combined  as  Na^SOf  and  Na^S,  in  the  proportion  of 

lNaaS04  to  2NaA-* 
In  lNa2S04  :  2Na282,  the  proportion  of  S  is  ae  1  ia  to  4, 

20.70 


therefore 


and 


4. 14X100 
22.64    ' 

16. 66X100 
68.18 


«  4. 14  grams  8  in  NaaSOf 

4. 14X4«16. 66  gnms  S  in  NaaS, 
20. 70  grams  S  in  solids 

:18. 37  grams  TUtLfiO^ims^,  12  per  cent  of  total  products 


828. 46  grams  Na^   b9.  49  per  cent  of  total  products* 


Deducting  (18.37+28.46)  from  the  total  weight  of  soluble  solids  (129.05  grams 
leaves  82.22  grams  Na^GO,. 

82.22  grams  Na2CO,s=27.41  per  cent  of  total  products. 

The  above  quantities  of  solids  are  produced  by  the  explosion  of  3G0 
grams  of  powder.  Changing  these  values  to  gram-molecular  quanti- 
ties produced  by  the  explosion  of  2,254  grams  of  powder  gives  the 
following: 

^^^^^=0. 97  molecules  Na^SO^ 

9.49X2,254     ,  ^^       ,      ,     „    „ 
110X1()0~~         molecules  NaaS, 

27.41X2,254     _  _.       ,       ,     ^^    ^^ 
— 106x100"' ~         molecules  NajCOg 

4. 15X2, 254    ,  ^       ,       ,     ^ 
— 12x100    ~^-  ^  molecules  C. 

gasbous  produots. 
Analyses  of  Oases. 


COt. 
CO.. 
H«8. 
H,.. 
CH«. 
N,.. 


Per  cent  by 
voliune. 


49.7 

10.8 

8.7 

1.8 

.ft 

28.4 


100.0 


Weight  In 
inter. 


Oromt. 
0.9766 
.1361 
.1324 
.0016 
.0043 
.3561 


Per  cent  by 
weight. 


60.81 

8.41 

8.24 

.10 

.27 

22.17 


1.6061 


100.00 


Weight  of 
Iflter. 


dfMM.      I 

1.965 
1.3S1 
1.522 


.7150 
1.254 


0.5147X2254»1160asweight  in  grams  of  gases  produced  by  explosion  of  2,254  grams 
of  powder. 


•  Wslke,  W.,  Leotores  on  BzplotlTei,  pp.  147,  liU. 


TH£&M0CH£BiI8TBY  OF  BXPLOSIVES. 


41 


ORAJC-BCOLECULES  OF  OA8B8  FBODUCBD  BT  EXPLOSION  OF  2,264  OBAM8  OF  POWDER. 

55i^^^-16. 03  molecules  CX), 

^^XlOO^"^'  ^  moleculee  CO 
^  34X100^"^'  ^^  molecules  Bfi 
^  2X100^°"^'  ^  moleculee  H, 

^  ^XlOO ^'"^'  ^  °^^*®^^^  ^^* 

22. 17X1, 160    o  -^      .      ,     T^ 
— og^,^ — —9. 19  molecules  N2 

LIQUID  PRODUCTS. 

^  isxioo^"^'  ^^  ^^^^^'^^^  ^^• 

Combining  the  expressions  found  for  the  original  explosive  and  for 
its  explosion  products  gives  the  following  equation  which  represents, 
in  gram-molecules,  the  decomposition  of  2,254  grains  of  explosive : 

1.00H,O+18.70NaNO3+7.66S+33.40C«1.70H3O+16.03CO2+3.48CO+2.8lH2S+0.58 
H2-H).20CH4-H.19Nj-f0.97NaaSO4-fl.96NaA+6.83Naa€O3+8.00C, 

or,  arranging  in  more  convenient  fonn: 


INITIAL  STATE. 
I.OOH2O 

18.70NaNO3 
7.668 
33.40C 


FINAL  STATE. 

I.7OH3O 
16.03COj 

3.48CO 
2.8IH3S 

.58H2 

.20CH, 
9.19N, 

.97Na2S04 
1.95Na^ 
6.83Na2C03 
8.00G 


33.99  gnun-molecules  of  gas 


HEATS  OF  FORMATION  OF  DECOMPO- 
SITION PRODUCTS. 


1.70X  58,100= 

16.03X  94,300* 

3.48X  26,100» 

2.81X    2,700= 

.20X  18,900» 

.97X328,600= 

1.95X  88,200= 

5. 83X272, 600> 

«34.00X        545- 


Calories. 

.       98, 770 

a,  511, 629 

90,828 

7,687 

3,780 

=    318,742 

.    171,990 

a,  589, 258 

>      18,530 

3, 811, 114 


HEATS  OF  FORMATION  OF  ORIGINAL 
CONSTITUENTS. 

Calories. 

1.00X  69,000»      69,000 

18. 70X111, 250»2, 080, 375 


2, 149, 375 


•  CompensaUon  for  34  gnnHDolecules  of  gas  at  constant  volume. 
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Q«e3,811,114-2,149,375Bl,661,739  calorie8«»heat  evolved  by  exploflion  of  2,354 
grams  of  exploeive. 

HEAT  CAPACITY  OF  DECOMPOSITION  PRODUCTS  FROM  2,254  GRAMS  OF  EXPLOSIVE. 

1.70X  5.61=     9.537-h  1.70X0.0033«  =0.00561« 
16.03X  6.26=100.348-|-16.03X  .0037f  =  .0593ie 
3.48]  (3.48) 

.581x4.80=  63.600-1-  (.58)X  .0006f  =  .00795* 
9.I9J  (9.19) 

2.81X  6.30=  17.703-1-  2.81X  .0005t  =  .00141* 
.20X  7.10=  1.420-1-  .20X  .0005*  =  .00010* 
.97X32.83=  31.845-1-  .97X  .00667*=  .00637* 
1.95X19.00=  37.050-1-  1.95X  .00380*=  .00741* 
5.83x26.08=152.046-h  5.83X  .00622*=  .03043* 
8.00X  6.40=  51.200+  8.00X  .00128*=  .01024* 

Total  heat  capacity  c=464.749-h  .12883* 

Substituting  the  above  values  for  Q,  a,  and  h  in  the  general  equation 
gives  the  value  of  t: 

-464.749-fV(464.749)^-h4X0l2883X  1,6617739 

2X0.12883 

670.77 
0.26766 

*=2,215^ 
Caleulalion  of  the  maximum  temperature  of  an  explosive  containing  an  excess  of  carbon. 


*: 


1 

2 

Formula. 

S 

4 

ft 

C 

CompoDents. 

Composition. 

Molecular 
weight. 

Columns 
Column  4 

Column  ft 
0.0169 

Moistoie 

H|0 

4.05 
24.92 

4.42 
34.60 
25.37 

6.64 

18 
227 
261 
362 
101 
162 

0.2250 
.1088 
.0109 
.0956 
.2512 
.0411 

IS.  31 

Nitroglycerin 

cjiftroNC), 

Ba(N0i)f 

6.60 

Barium  nitrate 

1.00 

Wood  pulp 

CuHaOio 

5.66 

Pot^Mnnnn  nitrAtA. . , 

KNOi 

14.88 

Stareh 

C«U,oOs 

2.43 

100.00 

The  following  expression  represents  the  composition  of  the  ex- 
plosive in  gram-molecules: 

13.3lH30-f6.50C3Hj(N03)j-hl.OOBa(N03)2-h5.66C,5H„0,o-hl4.86KNO,+2.43CftH,o04. 

SUM  OF  MOLECULAR  WEIGHTS  X  NUMBER  OF  MOLECULES. 

13.31  X  18=    239.60 

6.50X227=1,475.50 

1.00X261=    261.00 

5.66X362=2,048.92 
14.86X101=1,500.86 

2.43X162=    393.66 


Weight  in  grams  of  ex- 
plosive considered  in 
the  calculation 


5,919.54 
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PR0PUCT8  OF  COMBUtniON  rROH  200  ORAJffS  OF  BZPLOtlVB. 


Osama. 

Gas 

»130.3 

Solids 

=  49.0 

liquid 

»  12.4 
191.7 

8.3  (loflB) 

200.0 


Let  it  be  assumed  that  the  above  loss  of  products  is  Hfi,  then 

Total  H20«12.4+8.3»  20.7  grams^  10.35  per  cent  of  products 
Gas  =130.3  grainfi=  65.15per  cent  of  products 

Solids  »  49.0gram8=  24.50 

200.0  gramsa  100.0 

SOLID  PRODUCTS. 

Insoluble  23.9  per  centX49=11.71  grams^  5.86  percent  of  total  products 
Soluble     76.1  per  centX49=37.29  gramsar  18.64  per  cent  of  total  products 

INSOLUBLE  SOLIDS. 

4.42  per  cent  Ba(NO,)a==8.84  grams  Ba(N0,)3  in  200  grains  powder 

—6.71  grams  BaCO,=3.35  per  cent  of  total  products. 

Deducting  6.71  grams  BaCO,  from  11.71  grams  total  insoluble 
solids  leaves  5.00  grams  assumed  to  be  free  carbon  =  2.5  per  cent  of 
total  products. 

SOLUBLE  SOLIDS. 

50.74  gramssKNO,  in  200  grams  powder  (0.2537X200=50.74  grams) 

37.29  grams  soluble  solids  assumed  to  be  K^COs+KHCOa 

X  grams  KaGOs»0.565  x  grams  E 

(37.29-a;)  grams  KHCOa=0.39  (37.29-a;)  grams  K 

50.74  grams  KNO3=0.386X50.74  grams  K=  19.585  grams  K 

0.565X+0.39  (37.29 -a:)= 19.585 

0.565iK+14.54-0.392;=»  19.585 

0.175a:=5.04 

x^28,S  grams  K2C03=14.4  per  cent  of  total  products 

37.29— x»8.49  grams  KHC03=4.25  per  cent  of  tatal  products 

Changing  the  above  quantities  of  solids  to  gram-molecular  quan- 
tities produced  by  explosion  of  5,919.54  grams  of  explosive  gives  the 
following: 

?:??2<M1^=  1.00  molecules  BaCO, 
197X100  ' 

2.5X5,919.54  ^i2.33  molecules  C 
12X100 

^^'l^XlOo'^  ^  ^'^^  molecules  K,CO, 
i^^^^^  2.52  molecules  KHCO, 


.  vN 
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GASEOUS  PRODUCTS. 


Analysis  or  Oases. 


COi 
CO. 


Per  cent  by 
yolume. 

WQlffhtin 
litter. 

Per  cent  by 
weight. 

18.9 

36.3 

29.1 

9.9 

5.8 

0.371 
.454 
.026 
.124 
.041 

36.52 
44.69 

2.56 
12.20 

4.03 

1.016 

100.00 

Weislitol 
imJer. 


1.965 
1.250 

.0695 
1.254 

.715 


66.15X5,919.54 


100 


=3,856=weight  in  grams  of  gases  produced  by  explosion  of  5,919.54 

grams  of  explosive. 

5^^^1^=32.01  molecules  CO3 

5^5^^=49.36  molecules  H^ 

?.;^?><^= 16.80  molecules  N- 
28X100  ^ 

M^><^?=  9.71  molecules  CH. 
16X100  * 


UQUID  PRODUCTS. 


10.35X5,919.54 
18X100 


=34.04  molecules  H,0. 


Combining  the  expressions  found  for  the  original  explosive  and  for 
its  explosion  products  gives  the  following  equation,  which  represents 
in  gram-molecules  the  decomposition  of  5,919.54  grams  of  explosive: 

13.31HjO  -f  6.50C8H5(NO,)3+1.00Ba(NO,)j+5.66C,aH2jOio+14.86KN03-f  2.43C.H,o05 
=34.04HaO-|-32.01COa+61.54CO-|-49.36H3-hl6.80Na+9.71CH4-|-6.17K2CO,+12.33C 
+2.52KHCO,-fl.00BaCO, 

or,  rearranging: 


•^ 


INITIAL  STATE. 

FINAL  STATE. 

I3.3IH3O 

34.04HjO 

6.50C3H8(NO,)3 

32.01COa 

1.00Ba(NO,)8 

61.54CO 

*>o: 

5.66G|jH220]o 

49.36H2 

it\f% 

14.86KNO, 

16.80Nj 

2.43CoHio05 

9.7ICH4 

12.33C 

6.I7K3CO, 

2.52KHCO, 

1  .OOBaCOj 

1 

203.46  gram-molecules  of  gas. 


TH£BMOCH£MISTBY  OF  EXPLOSIVES.  45 

HXAT8  OF  FORMATION  OF  DB-  .    HEATS  OF  FORMATION  OF 

•OMPOBITION  PRODUCTS.  ORIGINAL  CONSTITUSNTt. 

Calories.  CalorlM. 

34.04X  58,100»1,977,724  13.31X  69,000»>    918,390 

32.01X  94,300=3,018,543  6.50X  98,900»    642,850 

61.54X  26,100=^1,606,194  1.00X228,400=^    228,400 

9.71X  18,900=    183,519  6.66X463,360=2,622,617 

6.17X281,100=1,734,387  14.86X119,500=1,775,770 

2.52X233,300=  587,916  2.43X225,900=  548,937 

1.00X285,600=  285,600  

a203.46X       545=    110,886  6,736,964 


9,504,769 


Q=9,504,769-6,736,964=2,767,805  calorie8=heat  evolved  by  explosion  of  5,919.54 
gnms  of  explosive. 

HEAT  CAPACITY  OF  DECOMPOSITION   PRODUCTS   FROM   5,919.54  GRAMS  OF  EXPLOSIVE. 

34.04  X  5.61  =    190.96-h  34.04  X0.0033f  =0.112382< 

32.01  X  6.26  =    200.38-1-  32.01  X  .0037^  =  .118437* 

(61.54) 

X  4.80  =    612.96-f  (49.36)  X  .0006<  =  .076620* 

(16.80) 

9.71  X  7.10  =      68.94-i-    9.71  X  .0005*  =  .004866* 

6.17  X28.428=    175.40-h    6.17  X  .00568*=  .035046* 

2.52  X20.600=     51.71-h    2.52  X  .00416*=  .010483* 

1.00  X21.670=      21.67 -h    1.00  X  .00433*=  .004330* 

12.33  X  6.4    =     78.91+  12.33  X  .00128*=  .015782* 


61.541 

49.36 

16.80 


Total  heat  capacity,  c,  =l,400.93-h  .377885* 

Substituting  the  above  values  for  Q,  a,  and  h  in  the  general  equation 
gives  the  value  of  t 

-l,400.93-fV(T,400.93)''+4X0.377885X2,767,805 

2X0.377885 
,      1,078 
^""0.75577 

*=1,426^ 

OOMPABISON  OF  TWO  EXPLOSIVES. 

The  two  following  explosives  contain  the  same  constituents  in  very 
nearly  the  same  proportions;  one  passes  and  the  other  does  not  pass 
a  test  at  the  Pittsburgh  testing  station.  Comparison  of  the  two 
shows  how  small  a  difference  in  composition  may  determine  whether 
or  not  an  explosive  will  pass  a  required  test. 

oCompeosBtion  for  203.46  giBin-molecules  of  gas  at  oonsUnt  volume, 
2406"— Bull.  15—12 4 
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The  chemical  composition  of  the  explosive  that  paasecl  the  test  is 
as  follows: 

Moisture 4. 70 

Nitroglycerin 24. 61 

Sodium  nitrate 44.22 

Oalcium  carbonate 81  [ 

Magnesium  carbonate 2.00 

Sulphur 67 

Coal 22.90 

100.00 

The  constituent  noted  as  ''coal"  in  this  powder  is  a  mixture  of 
coke  with  a  natural  coal,  and  by  determination  of  its  volatile  matter 
its  composition  is  assumed  to  be  expressed  by  the  formula: 

The  products  of  combustion  from  this  explosive  were  as  follows: 

Gaaee 69.66 

Solids 36.60 

Liquids  (Sfi) a  96 

100.00 

Tlie  composition  of  the  gaseous  products,  in  parts  by  volume,  were 
as  follows: 

COa ia7 

CO 4a  6 

H, 22.  S 

CH^ L6 

Nj ia4 

100.0 

The  solid  products  consisted  of  calcium  carbonate,  magnesium 
carbonate,  carbon,  sodium  sulphide,  and  sodiiun  carbonate. 

The  decomposition  of  the  explosive  was  assumed  to  be  represented 
by  the  following  equation: 

32.23H2O  +  13.38C,Hb(N03),  -f  l.OOCaCOa  -f  3.07MgCO,  +  2.688  +  64.22NaN03  + 
2.84G;5H5o02N  =  27.IOH2O  -f  4I.8OCO3  +  132.80CO  +  69.80H,  -f  4.87CH4  + 
56.30Nj  -h  2.60Na2S  +  30.72Na2CO,  +  LOOCaCO,  +  3.07MgCO,  +  67.40C. 

By  calculating  from  the  above  equation  the  maximum  temperature 
of  explosion,  in  the  same  manner  as  has  been  done  in  previous  cases, 
there  is  obtained: 

Q-6,879,699  calories       c-2,982.214+0.66026t 

-2,982.2144-V(p82T2i4)H4X0.66025X6,879,599 
^  2X0.66026 


^-1,631 


o 
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Thi8  analysifl  of  the  explosive  that  did  not  paas  the  tests  was  as 
fellows: 

Moisture 8.78 

Nitroglycerin 18.14 

Sodium  nitrate 6S.86 

Oaldnm  carbonate 92 

Magnesium  carbonate 2. 67 

Sulphur 36 

Coal 17.17 

100.00 

The  coal  mixture  in  this  powder  was  identical  with  that  of  the  other 
powder  just  calculated.  The  products  of  decomposition  from  this 
explosive  were  as  follows: 

Por  O0Dt. 

Gases 48.65 

SoUds 42.10 

Liquid  (H,0) 9.35 

100.00 

The  composition  of  the  gaseous  products  in  percentage  by  volume 
was  as  foDows: 

Percent. 

COj 25.6 

CO 3a  0 

Ha 1L8 

CH4 2.2 

N, aas 

100.0 

The  solid  products  were:  Calcium  carbonate,  magnesium  carbon- 
ate, free  carbon,  sodium  sulphide,  and  sodium  carbonate,  as  before, 
and  the  decomposition  of  the  explosive  was  assumed  to  be  as  follows: 

22.82H,0  +  8.7q,H8(NO,)3  +  72.84NaN03  -f  l.OOCaCO,  -h  3.45MgCOa  +  1-228  + 
1.87C,JHjoO,N  -  56.5IH3O  -f  46.8ICO3  -f  65.07CO  +  21.65Hj  -f  4.03CH4-f  56.13Na+ 
LOOOaCO,  +  3.46MgCO,  +  36.43C  +  1.22NaaS  -f  35.22Na3C03. 

By  calculating  from  this  equation  the  maximum  temperature  of 
explosion,  there  is  obtained: 

Q-8,322,270  calories.        c»2,&24.934+0.687582| 

-2,624.934-f-V(2;624:934)^-f  4  X0.6876iB^XM22^^^ 

2X0.687582 
t=2,098*» 

It  is  interesting  to  note  that  the  difference  of  about  500^  C.  in  the 
m^TimiiTn  temperature  shown  by  these  two  explosives  is  enough  to 
determine  the  success  of  one  and  the  failure  of  the  other  in  the  tests 
required  at  the  Pittsburgh  station.    It  seems  probable  in  the  case  of 
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some  explosives  that  pass  all  but  one  of  the  tests  at  the  Pittsburgh 
station,  that  a  change  in  composition  effecting  as  slight  a  reduction 
of  flame  temperature  as  100^  or  200°  C.  might  put  them  upon  the  per- 
missible list,  since  it  is  probable  that  a  very  small  variation  in  flame 
temperature  is  the  determining  factor.  One  should  not  infer  from 
this  that  it  is  desirable  that  explosives  should  pass  the  requirements 
by  the  narrowest  possible  margin  of  flame  temperature.  An  explo- 
sive whose  flame  temperature  is  quite  low  can  probably  be  used  in 
larger  amounts  without  grave  danger  than  can  an  explosive  whose 
flame  temperature  is  higher.  But  explosives  having  desirable  prop- 
erties may,  as  regards  flame  temperature,  approach  close  to  the 
ignition  limit.  In  the  case  of  such  explosives  it  should  always  be 
possible  by  the  selection  of  suitable  means  to  so  reduce  the  flame 
temperature  as  to  enable  the  explosive  to  pass  the  tests. 

BESULT8  OF  DIBBCT  GALOBIHETBIC  BETEBMINATIONS. 

In  the  methods  of  calculation  already  shown  it  has  been  assumed 
that  no  knowledge  was  available  in  regard  to  the  explosive  reaction 
other  than  the  analysis  of  the  original  explosive  and  that  of  the 
resulting  products. 

By  firing  a  charge  of  an  explosive  in  a  suitable  calorimetric  bomb 
it  is  possible  to  obtain  a  direct  value  for  Q,  the  amount  of  heat 
evolved  in  the  chemical  reaction  taking  place  at  the  moment  of 
explosion,  and  the  value  of  Q  has  been  so  determined  for  a  number 
of  explosives.  A  comparison  of  the  values  thus  obtained  with 
those  found  by  calculation  is  of  interest;  it  shows  that  the  results 
obtained  by  calculation  are  in  very  close  agreement  with  the  values 
obtained  by  direct  detennination. 

In  order  that  the  results  from  direct  determinations  may  be  com- 
parable vnth  those  obtained  by  calculation,  one  should  remem- 
ber that  the  direct  readings  in  a  calorimetric  bomb  must  be  cor- 
rected for  the  amount  of  heat  set  free  In  the  condensation  to  liquid 
water  of  all  the  water  vapor  present.  The  reactions  involved  in 
any  explosion  take  place  at  a  temperature  higher  than  that  which 
would  permit  the  condensation  to  liquid  water  of  the  water  formed, 
but  the  calorimetric  bomb  is  itself  immersed  in  water,  and  the 
resulting  products  of  explosion  are  maintained  at  a  temperature 
lower  than  that  at  which  gaseous  water  is  stable.  Accordingly,  all 
of  the  water  vapor  formed  occurs  in  the  products  as  liquid  water, 
and  the  amount  of  heat  evolved,  as  shown  by  the  calorimeter,  is 
higher  by  the  value  representing  the  latent  heat  of  evaporation  of 
this  water.  As  an  example  of  the  calculation  of  the  temperature  of 
explosion,  as  determined  by  direct  calorimetric  readings,  the  case  of  the 
ammonium  nitrate  explosive  previously  calculated  on  pages  34  to  36 
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may  be  taken.     The  reaction  considered  in  this  explosive  was  as 
follows: 

2.596H30-f2.871C,H5(NOs)8+80.92NH4NO,+1.00C,5H3BO,o-fl.84C7H7NOa=40.56 

CO2+I.97OJ-I-89.78N2+I9O.77H2O. 

By  direct  reading  of  the  calorimeter  it  was  found  that  1,245 
calories  were  evolved  per  gram  of  explosive  taken,  the  water  being 
liquid.  As  the  amount  of  HJO  in  each  gram  of  total  products  is 
found  to  be  0.441  gram,  and  as  the  change  from  gaseous  water  to 
liquid  water  evolves  10^900  calories  for  each  gram-molecule  of  water 
taken  (18  grams),  the  correction  in  this  example  for  liquid  water  is: 

10900X.441    o«^«      1    • 

^g =267.6  calones  per  gram. 

The  evolution  of  heat  being  1,245  calories  per  gram  of  material, 
and  the  correction  being  267.6  calories  per  gram,  there  results  a 
net  evolution  of  heat  per  gram  of  reacting  substance  of  977.4  calories, 
and  for  the  7,786  grams  of  material  in  the  reaction, 

Q=7,610,036  calories. 
Calculation  from  this  value  gives: 

-l,764.5253-hV(i;76"475253)»-h4X.834663X7,610,036 
'""  2X0.834663 

e=2142*» 

By  calculation  from  the  analysis  of  the  explosive,  the  value  of  Q 
was  found  to  be  7,012,437.     The  value  of  t  from  this  is: 

*      ~1,764.52534-V(1,764.5253)»+4><0T834663X7,012,437 

2X0.834663 

<=2028*» 

Proceeding  in  a  similar  manner  with  the  black  powder  calculated 
on  pages  39  to  42  the  following  equation  is  obtained: 

1.00H,O-hl8.70NaNOa+7.66S-f33.40C=1.70H2O-fl6.03CO2-|-3.48CO+2.81HaS-f 
0.58H2-h0.20CH4-h9.19Nj-|-0.97Na2SO4+1.95Na2Sa+5.83Na3CO3-h8.00C. 

By  the  calorimeter  it  is  found  that  789.4  calories  per  gram  are 
evolved  (water  liquid). 

Each  gram  of  products  contains  0.0136  gram  of  HjO,  the  correction 
for  which  (from  liquid  to  gas)  is: 

10900X0.0136     flOQ     1    •  *    «^     * 
jg «8.23  calones  per  gram  of  products 
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Applying  this  correcfion  gives  789.4  —  8.23  =  781.2  calories  "evo- 
lution of  heat  per  gram  of  products  (water  gaseous)^  and  for  the 
2,254  grams  of  material  in  the  reaction, 

Q=l,760,825  calories 

then 

-464749+V(464.749)'-f  4X0.12883X1,700";^ 
^-  "  2X0.12883 


i=2,310° 

In  the  calculation  (p.  42)  Q  was  found  from  analysis  to  be  1,661,739 
calories  and  ^=» 2,215°. 

For  the  explosive  calculated  on  pages  42  to  45,  the  following  reac- 
tion is  obtained. 

13.31HjO-|-6.60C3H4(NO,)3-|-1.00Ba(NO,)j+5.66CiaH„0,o+14.86KNO,+2.43CeH,o05 
=34.04H,O-h32.0lCO2+61.54CO-h49.36H2+16.80N2+9.71CH4+6.17K2COs-fl2.33C 
+2.52KHCO8+1.00BaCO3 

Heat  evolved  per  gram,  from  the  calorimeter  reading,  =  570.7 
calories  (H^O  liquid). 

1  gram  product8»0.1035  gram  HjO 

Correction  for  H^O  liquid  to  H^O  gaseous  equals 

10900X0.1035    ^^^_     -    . 

jg =62.67  calories  per  gram 

Then 

570.7— 62.67 »508.03  calories  evolved  per  gram  of  products  (water  gaseous) 

and  for  the  5,920  grams  of  material  in  the  reaction, 

Qb3,007,537  calories 

and 

-l,400.93H-V(Mb0.93)»-h4X0:377885X3,067;557 
^""  2X0.377885 


<=1,522*» 

The  value  of  Q  calculated  from  the  analysis  was  2,767,805  calories, 
and  <- 1,426**  (p.  45). 

The  calorimeter  test  of  the  explosive  calculated  on  page  47  furnishes 
still  another  example.  In  this  case  there  was  an  evolution  of  827.6 
calories  per  gram  (H^O  liquid);  the  reaction  being: 

22.82  HjO+8.7C3H5(NO8)3-|-72.84NaNO,+1.00CaCO,+3.45MgCO,+1.22S-|-1.87C76H«, 
02N=56.51H20+46.81C02+  56.07CO+21.65H2-h4.03CH^-|-  56.13N2H-  1.00CaCO,4- 
3.46MgCO,+35.43C+1.22NajS+35.22Na2COs. 

Hence 

g2^  ^_10^90q>^^W36^g27.6-56.2-771.4  calories  per  gram  (HjO  gaseous). 
For  the  total  material  in  the  reaction  (10,878  g.)  Q»771.4Xl0878->8,391,289calorie8« 


Th»n 
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~2,524.934-hV(2,524.934)'-h4X0.68758"2X8,391,289 

2X0.687582 
«-2110*» 


By  the  calculation  from  analysis  was  found, 

Q=8,322,270  calories 
4=2,098^. 

FaACnCAL  1CBTHOD8  OF  BEBXTCIKO  THE  FLAME  TEMPEBATUEBS 

OF  EXPLOSIVES. 

Among  the  methods  which  have  been  used  for  reducing  the  flame 
temperature  of  explosiYes,  the  following  list  seems  to  include  all  that 
are  at  present  of  importance: 

(a)  The  addition  of  an  excess  of  carbon,  for  the  purpose  of  reducing 
the  amount  of  carbon  dioxide  formed. 

(5)  The  addition  of  free  water. 

(c)  The  addition  of  solids  holding  water  of  crystaUization. 

(d)  The  addition  of  inert  materials,  such  as  fine  sand,  clay,  etc. 

(e)  The  addition  of  easily  volatile  salts. 

THE  ADDITION  OF  AN  EXCESS  OF  CARBON. 

In  regard  to  the  first  of  the  above  methods,  it  has  already  been 
shown  in  the  remarks  on  the  thermochemistry  of  carbon  monoxide 
and  carbon  dioxide  (pp.19-21)  that  little  reduction  in  temperature 
is  brought  about  solely  through  the  conversion  of  carbon  dioxide 
to  carbon  monoxide,  but  that  when  this  operation  takes  place  in  the 
presence  of  other  materials  having  fairly  high  specific  heats,  a  very 
decided  reduction  in  temperature  results.  The  low  specific  heat  ot 
carbon  monoxide  prevents  a  reduction  in  temperature  by  the  con- 
version of  carbon  dioxide  into  carbon  monoxide,  but  in  all  cases 
where  other  materials  are  produced  (and  in  all  commercial  explosives 
other  gases  are  formed  with  carbon  dioxide  and  carbon  monoxide), 
this  reaction  may  result  in  pronounced  lowering  of  temperature. 
The  maximum  temperature  of  explosion  of  nitroglycerin  has  already 
been  shown  to  be  3,156°  C.  To  show  the  manner  in  which  the  con- 
version of  the  carbon  dioxide  produced  in  the  explosion  of  nitro- 
glycerin into  carbon  monoxide  would  affect  the  maximum  tem- 
peratm^  of  explosion,  the  maximum  temperatures  in  the  following 
reactions  were  calculated: 

(1)  2C,H5(ONOa),        «6HaO+3N3+6COa+JOa 

(2)  2C3H5(ON03),-f  C«6HaO-f  3Na+6COa+CO 

(3)  2C,H8(ON02),+2C«6H30+3Na-f5COa+3CO 

(4)  2C3H4(ONOa),+3C=5H30+3N2+4C02+5CO 
(6)  2CaH4(ON02),+4C=5H20+3N2+3COa-f7CO 

(6)  2C3H5(ONOa)3+6C=6Ha04-3N2-f2COa-f9CO 

(7)  2C,H5(ON03),-|-6C=5H30-|-3N3+C02-|-llCO 

(8)  2C3H,(0N03),-|-7C=5H30+3N3-f  13C0 
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The  values  obtained  in  each  case  were  as  follows: 

Effect  of  added  carbon  in  lowering  Jktme  temperature  of  nitroglycerin. 


Reaction  1. 
Reaction  2. 
Reactions, 
Reaction  4. 
Reaction  6, 
Reaction  6, 
Reaction  7 
Reactions. 


Total 

CakMles 

Calories 

Liters 

calories 

per  gram 

per  liter 

per  gram 

666,402 

1,468 

2,062 

0.715 

692,775 

1,486 

2,062 

.721 

651,220 

1,362 

1,817 

.750 

609,665 

1,244 

1,601 

.777 

568,110 

1,131 

1,409 

.803 

526,556 

1,024 

1,237 

.828 

485,000 

922 

1,062 

.852 

443,445 

824 

942 

.874 

r 


3,155 
3,201 
3,121 
3,03:} 
2,986 
2,828 
2,709 
2,577 


In  the  explosion  of  nitroglycerin  no  carbon  monoxide  is  produced. 
All  of  the  carbon  present  in  the  nitroglycerin  is  converted  into  carbon 
dioxide.  By  the  addition  of  successive  quantities  of  carbon  the 
formation  of  this  carbon  dioxide  is  prevented,  double  the  volume  of 
carbon  monoxide  in  each  case  resulting.  Comparison  of  the  maxi- 
mum temperatures  produced  shows  that  the  addition  of  the  first 
gram-molecule  of  carbon  gave  an  increase  in  temperature,  the  explo- 
sion of  nitroglycerin  alone  reaching  3,155^  C.  and  that  of  the  mix- 
ture 2C»H4(NO,),+C,  3,201**.  The  reason  for  this  is  found  in  the 
free  oxygen  produced  in  the  decomposition  of  nitroglycerin,  this 
oxygen  combining  with  the  carbon  to  form  carbon  dioxide,  and  thus 
bringing  about  an  increase  in  th^  temperature  produced  by  the 
reaction.  When  the  columns  of  figures  are  examined  in  detail,  it 
will  be  seen  that  the  calories  evolved  per  liter  of  gas  are  more  than 
twice  as  great  in  the  case  of  nitroglycerin  alone  as  when  the  nitro- 
glycerin is  mixed  with  7C.  The  temperature,  however,  because  of 
the  low  specific  heat  of  carbon  monoxide,  does  not  undergo  a  cor- 
responding change.  The  difference  between  the  explosion  tempera- 
ture of  pure  nitroglycerin  and  that  of  nitroglycerin  +7C  is  less 
than  600°. 

When  additional  water  is  present  during  the  reaction  a  much 
greater  reduction  in  temperature  is  brought  about,  as  will  be  seen 
from  the  following  example : 

2C,H5(NO3)3+7C-h5H2O=10H2OH-3N2+13CO 


Heats  of  formation  of  decomposition 
products. 

Calories. 

10X58,100=581,000 

13X26,100«339,300 

«26X      546=  14,170 


Heats  of  formation  of  original 
constituents. 

Calories. 
2X98,900=197,800 
5X69,000=345,000 


934,470 


542,800 


Q«934,470~542,800=391,670  calories. 


a  Compensation  for  26  gram-molecuks  of  gta. 


Hence, 
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HEAT  CAPACmr  OF  DECOMPOSITION  PRODUCTS. 

c^a'\'bt 
10H2O=10X5.61=  56.10-l-lOX  .0033«=0.0330« 
3Na-fl3CO=16X4.80=  76.80-hl6X  -OOOef^  .0096< 
Total  heat  capacity,  c, = 132 .90+  0426/ 

~132.90-hV(T32.90)H4X0.0426X391,670 
'*~  2X0426 

157.62 
'""0.0852 
t=l,860*» 

Hence  the  addition  of  an  excess  of  carbon  to  any  explosive  in 
the  explosion  of  which  considerable  amounts  of  carbon  dioxide  are 
produced,  in  order  to  cause  the  formation  of  carbon  monoxide  in 
the  place  of  carbon  dioxide,  is  an  efficient  means  of  reducing  the 
flame  temperature,  and  the  efficiency  of  the  method  is  proportional 
to  the  specific  heats  of  the  products  of  combustion  of  the  explosives. 

THE   ADDITION   OF   FREE   WATER. 

The  high  specific  heat  of  water  makes  it  a  desirable  constituent 
of  the  products  of  combustion  of  an  explosive.  At  the  temperature 
of  explosion,  water  performs  an  important  function  in  increasing  the 
gaseous  volume  of  the  explosive.  As  the  water  is  present  in  the 
explosive  in  a  free  condition,  the  number  of  calories  that  represent 
the  change  from  liquid  water  to  gaseous  water  must  be  absorbed 
from  the  heat  produced  by  the  explosive,  and  in  this  way  a  further 
reduction  in  the  temperature  is  brought  about.  Water,  up  to  1 .5  or  2 
per  cent,  is  present  in  nearly  all  explosives  as  an  accidental  impurity 
due  to  the  hygroscopicity  of  certain  constituents,  particularly  sodium 
nitrate  and  wood  pulp.  Water,  up  to  10  or  12  per  cent,  is  found  in 
certain  classes  of  explosives  intended  for  use  in  the  presence  of 
explosive-gas  mixtures.  In  these  classes  the  excess  of  water  over 
the  1.5  to  2  per  cent  normally  present,  represents  an  intentional 
addition  of  water  for  the  purpose  of  reducing  flame  temperature. 
The  amount  of  water  which  can  be  added  during  manufacture  to 
any  explosive  mixture  depends  upon  the  absorptive  capacity  and 
the  consistency  of  the  finished  explosive. 

The  cofnposition  of  an  explosive  may  be  such  as  to  make  inadvis- 
able the  addition  of  the  amount  of  free  water  which  calculations  show 
to  be  necessary  to  properly  reduce  the  flame  temperature.  In  cases 
of  this  sort,  the  use  of  water  chemically  combined  as  water  of  crys- 
tallization may  be  resorted  to,  since  water  in  chemical  combination 
in  crystals  can  be  added  to  an  explosive  mixture  in  greater  quan- 
tities than  would  ever  be  advisable  with  free  water.  The  following 
considerations  will  show  the  amount  of  energy  that  is  required  to 
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change  free  water  in  an  explosive  to  gas  at  the  temperature  of 
explosion: 

The  conversion  of  liquid  water  at  zero  to  gaseous  water  at  zero 
requires  the  absorption  of  10,900  calories  for  each  gram-molecule. 
If  the  reaction  occurs  under  constant  conditions  of  volume,  as  is 
usually  assumed  in  all  cases  of  explosive  decomposition;  the  value 
will  be  545  calories  less,  or  10,355  calories. 

The  mean  molecular  heat  of  gaseous  water  is 


Q 


c=5.61+0.0033t 


Since  t  —  -j  and  c^a-hht,  the  law  expressing  the  amount  of  heat 

required  to  raise  a  gas  to  a  given  temperature,  tj  under  conditions 
of  constant  volume,  is 

By  the  aid  of  these  data  the  number  of  calories  that  will  be  absorbed 
in  any  explosive  by  the  addition  of  a  given  amount  of  water,  may  be 
calculated,  and  the  number  of  calories  required  to  raise  the  tempera- 
ture of  a  given  amount  of  water  vapor  may  also  be  determined.  If 
the  raising  of  1  gram-molecule  (18  grains)  of  liquid  water  from  0^  to 
2,000^  C.  be  taken  as  an  example,  the  figures  will  be  as  follows: 

The  conversion  of  1  gram-molecule  of  liquid  water  to  gaseous  water, 
at  constant  volume,  requires  10,355  calories.  Therefore  Q,  the 
quantity  of  heat  required  to  convert  1  gram-molecule  of  liquid  water 
at  0**  C.  to  gaseous  water  at  2,000*^  C,  will  be: 

10,355  caloriee+(5.6lX2,000-|-0.033X4,000,000)=34,775  calories 

As  this  is  for  18  grams  of  water,  it  will  be  seen  that  for  each  gram 
of  liquid  water  present  in  any  explosive,  1,932  calories  will  be  required 
to  raise  the  temperature  of  this  water  from  0®  to  2,000°  C.  By 
calculating  in  this  way,  the  approximate  amount  of  water  required 
in  an  explosive  to  reduce  its  flame  temperature  to  a  safe  limit  may 
be  ascertained. 

THE   ADDITION  OF  SOLIDS   HOLDING   WATER  OF  CRYSTALLIZATION. 

Free  water  affects  the  consistency  of  explosives.  If  present  in 
considerable  quantity  with  nitroglycerine,  it  causes  the  latter  to 
exude  from  the  cartridges  of  the  explosive.  Water  combined  as 
water  of  crystallization  does  not  have  either  of  these  disadvantages. 
Moreover,  it  possesses  an  advantage  in  the  fact  that  heat  is  absorbed 
in  breaking  the  union  between  the  salt  and  the  water,  and  in  this  way 
an  additional  absorption  of  heat  is  brought  about.  An  example  of 
salts  holding  water  of  crystaUization  that  are  suitable  for  use  in 
explosives  is  magnesium  sulphate,  MgS04*7H,0. 
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This  material,  commercially  known  as  Epsom  salt,  is  a  white 
ciystalline  solid,  neither  markedly  efflorescent  nor  deliquescent 
under  ordinary  atmospheric  conditions.  Calculation  from  its  for- 
mula shows  that  it  contains  51.22  per  cent  water.  When  1  gram- 
molecule  of  magnesium  sulphate  unites  with  7  molecules  of  water 
to  form  Epsom  salt,  24,080  calories  are  evolved.  Therefore,  in  the 
breaking  up  of  the  salt,  allowance  must  be  made  for  this  amount  of 
heat,  as  well  as  for  that  absorbed  in  converting  the  liquid  water  to 
gaseous  water  and  in  raising  the  temperature  of  the  water  and  the 
solid  residue  to  the  temperature  of  explosion.  The  total  heat  ab- 
sorbed for  1  gram-molecule  of  the  Epsom  salt  is  therefore: 

Cak>rle8. 

Heat  of  hydration  of  MgS04*7H30 =  24,080 

Heat  of  vapQrization  of  7H3O,  at  constant  volume  (7X10,335).  =»  72, 485 

Heat  required  to  raise  7HaO  to  2,000*  (Q=a/H-6«*) =170, 940 

Heat  required  to  raise  MgSO^  to  2,000*  (S«(o°-r*)=So+So 

X.0002t) «  75,600 

343,105 

As  this  result  is  for  1  gram-molecule,  or  246  grams,  of  Epsom 
salt,  it  follows  that  the  quantity  of  heat  absorbed  by  1  gram  will  be 
1,394  calories. 

The  following  table  shows  for  a  number  of  crystalline  salts  the 
percentage  of  water,  the  heat  required  to  raise  the  temperature  of 
1  gram-molecule  of  the  material  from  0^  to  2,000^  C,  the  heat 
required  to  raise  1  gram,  and  the  volume  of  water  vapor  at  2,000®  C. 
(constant  pressure),  resulting  from  1  gram  of  the  crystallized  salt: 

Cooling  properties  o/uveral  crystalline  eaUa. 


Fonnola. 


AlsK«<804)4'24HiO 
AMSOfVlBHsO.. 

ZiiS04*7HiO 

MgS04'7HjP 

Na^O^'lOHsO.... 

NaiCO»*10HiP 

(NH4)«Ci04HtO.. 


Per  cent  of 
H«0. 


46.67 
48.81 
43.90 
51.22 
65.90 
62.93 
12.67 


Calories 

'pGrgnm' 

molecule 

(0»-2/XW  C.) 


1,229,232 
922,950 
344,654 
343.105 
458,805 
441,063 
200,070 


Calories  per 
(0*-J5w*  C). 


1,297 
1.386 
1,200 
1,391 
1,425 
1,542 
1,409 


Volume  of 

HtOin 

liters  per 

gram  at 

2,000»  C. 


4.722 
5.057 
4.548 
5.307 
5.792 
6.520 
1.313 


THE   ADDFTION   OF  INERT   MATERIALS. 


Fire  clay,  sand,  and  other  materials  of  a  like  nature  are  sometimes 
added  to  explosive  material,  in  which  they  act  as  a  fiUer  or  substance 
to  give  weight  and  also  exercise  an  influence  in  regard  to  the  reduc- 
tion of  flame  temperature.  From  a  critical  study  of  the  properties 
of  these  materials  it  does  not  seem  that  decided  advantages  are 
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gained  by  their  use  for  the  purpose  of  lowering  the  jQame  tempera- 
ture, since  the  result  achieved  is  certainly  far  less  than  is  the  case 
when  either  salts  holding  water  of  crystallization  or  easily  volatile 
substances  are  employed.  Some  data  as  to  this  low  efficiency  in 
regard  to  the  reduction  of  flame  temperature  may  be  gained  by 
taking  a  t3rpical  substance,  silicon  dioxide,  and  calculating  the 
number  of  calories  required  to  raise  this  material  to  the  tempera- 
ture of  2,000*"  C. 

S„  for  SiO2«0.191. 

From  this  it  appears  that  only  534.8  calories  are  required  to  raise 
the  temperature  of  1  gram  of  silicon  dioxide  from  0°  to  2,000®  C. 
When  this  value  is  compared  with  1,394  calories  required,  through 
the  same  temperature  range,  for  magnesium  sulphate,  or  with  1,200 
calories  for  zinc  sulphate,  etc.,  it  will  be  seen  that  a  small  quantity 
of  one  of  these  hydrated  salts  will  give  all  the  advantages  obtained 
by  the  use  of  a  larger  quantity  of  an  inert  substance,  while  at  the 
same  time  the  gaseous  matter  produced  from  the  hydrated  salt  will 
assist  the  explosive  action  of  the  material. 

THE   ADDITION   OP  EASILY  VOLATILE   SALTS. 

Any  substance,  solid  at  ordinary  temperatures  and  completely 
gaseous  at  the  temperature  reached  during  the  reaction  of  an  explo- 
sive, forms  a  means  of  reducing  the  maximum  flame  temperature 
produced  by  explosives.  Heat  is  absorbed  in  raising  the  solid  mate- 
rial to  its  temperature  of  fusion.  Heat  is  also  absorbed  in  the  pro- 
cess of  fusion  and  in  heating  the  fused  material  to  the  temperature  of 
volatilization.  A  further  quantity  of  heat  is  absorbed  in  the  volatil- 
ization of  the  material  and  the  heating  of  the  gases  thus  produced. 

It  is  unfortunate  that  thermochemical  data  regarding  the  tem- 
perature of  fusion  and  latent  heats  of  volatilization  of  common  sub- 
stances are  as  yet  so  incomplete.  Of  the  substances  that  might 
possibly  be  used  in  explosives  for  the  purpose  mentioned  no  note 
whatever  is  made  in  any  of  the  tables  so  far  found  of  thermochemical 
data  in  regard  to  their  latent  heats  of  volatilization,  and  in  only  one 
or  two  cases  were  estimates  found  in  regard  to  the  temperatures  at 
which  these  changes  occur.  In  the  case  of  sodium  chloride,  a  mate- 
rial that  has  been  used  with  considerable  success  in  the  past  few 
years  as  a  component  of  explosive  mixtures  and  is  to-day  the  vola- 
tile salt  most  widely  used  for  reducing  the  flame  temperature  of 
explosives,  no  references  to  either  the  latent  heat  of  fusion  or  the 
latent  heat  of  volatilization  have  been  found  in  the  pertinent  liter- 
ature. Therefore  complete  calculations  of  explosives  involving 
sodium  chloride  can  not  be  made  with  great  accuracy. 
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As  an  example  of  the  effects  produced  by  relatively  small  addi- 
tions of  sodium  chloride,  an  explosive  of  the  following;  composition 
may  be  taken : 

Peroent. 

Nitroglycerin 25.0 

Sodiiua  nitrate ' 30.5 

Wood  meal 39.5 

Potassium  bichromate 5. 0 

100.0 

The  charge  limit  of  this  explosive  wlien  tested  in  coal  dust  and 
air  was  found  to  be  150  grams.  The  composition  of  the  explosive 
was  then  altered  by  the  addition  of  sodium  chloride,  this  material 
being  used  in  place  of  potassium  bichromate  in  the  powder  first 
mentioned.    The  composition  of  the  new  explosive  was: 

Per  cent. 

Nitrogylcerin 25. 0 

Sodium  nitrate 30.0 

Wood  meal 38.0 

Sodium  chloride -.     7. 0 

100.0 

The  charge  limit  of  this  explosive  was  found  to  be  more  than  four 
times  as  great  as  that  of  the  first  explosive  mentioned,  and  charges 
up  to  635  grams  were  repeatedly  fired  into  coal  dust  mixtures  without 
causing  ignition. 

Sodium  chloride  has  been  added  to  a  number  of  explosives,  and 
the  results  have  been  in  general  to  effect  an  increase  in  the  charge 
limit  and  a  lowering  of  the  fiame  temperature. 

In  these  calculations  the  influence  of  different  compounds  has 
been  considered,  only  in  relation  to  the  thermochemical  influence 
that  every  material  will  have  upon  the  explosive  mixture.  Remem- 
bering the  effects  which  some  of  these  materials  have  when  mixed 
with  other  ingredients  used  in  explosives,  one  sees  that  some  of 
these  compounds  which  seem  very  advantageous  when  their  thermo- 
chemical properties  alone  are  considered  can  not  be  mixed  with 
other  substances  commonly  used  in  explosives.  For  example, 
crystals  of  sodium  sulphate  have  10  molecules  of  water  of  crystalliza- 
tion and  55.9  per  cent  of  the  weight  of  the  crystalhzed  substance  is 
water.  This  substance  might  seem  to  be  a  desirable  one  to  add  to 
explosives  for  the  purpose  of  introducing  water  of  crystallization, 
and  its  cheapness  might  seem  to  make  it  particularly  desirable. 
But  sodium  sulphate  is  an  efflorescent  salt,  that  is,  one  that  gives 
off  its  water  of  crystallization  with  great  readiness.  Were  this 
substance  to  be  used  as  a  constituent  of  an  explosive  containing 
ammonium  nitrate,  sodium  nitrate,  or  other  deliquescent  material, 
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the  crystab  of  sodium  sulphate  would  gradually  lose  most  of 
moisture,  and  the  deliquescent  salts  would  absorb  this  moisture 
and  become  wet.  It  is  accordingly  evident  that  in  the  preparation 
of  an  explosive  no  efflorescent  salts  should  be  used  if  any  deUquescent 
material  is  to  be  used  in  the  composition  of  that  particular  explosive. 

In  the  class  of  incompatibles,  as  substances  are  named  that  can  not 
be  mixed  together  without  chemical  action,  are  acid  salts  and  nitro- 
glycerin. Nitroglycerin  becomes  unstable  in  the  presence  of  free 
acid;  and  any  substance  that  is  itself  acid  or  which  may  become  acid 
should  not  be  mixed  with  nitrogylcerin  nor  added  to  explosives 
containing  nitroglycerin.  A  nitroglycerin  explosive  containing  a 
substance  that  might  slowly  develop  acidity  would  undoubtedly,  in 
the  course  of  time,  become  unsafe  -through  the  gradual  decomposi- 
tion of  the  nitroglyceriu.  The  formation  of  nitrous  fumes  increases 
the  rapidity  of  decomposition  of  nitroglycerin  and  brings  about  con- 
ditions that  may  very  readily  result  in  an  explosion. 

Ammonium  nitrate  and  potassium  chlorate  should  not  be  used 
together  in  explosives.  Although  a  mixture  of  these  two  materials 
is  not  dangerous  as  long  as  it  is  thoroughly  dry,  yet  in  the  presence 
of  moisture,  changes  occur  that  lead  to  the  evolution  of  chloric  acid 
and  other  decomposition  products.  Explosives  containing  potassium 
chlorate  and  ammonium  nitrate  have  been  found  to  be  spontane- 
ously inflammable,  and  several  accidents  have  resulted  from  their 
use. 

A  complete  list  of  incompatibles  can  not  be  given,  but  the  general 
rule  is  that  no  substances,  which,  either  dry  or  in  the  presence  of  a 
small  amount  of  water,  can  react  with  one  another  at  ordinary  tem- 
peratures, ought  to  be  used  together  in  an  explosive  mixture.  Sub- 
stances that  do  not  appear  to  react  under  ordinary^  conditions  show 
evidences  of  chemical  action  in  the  presence  of  small  amounts  of 
moisture,  and  as  it  is  never  certain  that  an  explosive  mixture  can 
be  kept  fully  protected,  compounds  that  show  such  a  reaction  should 
be  carefully  avoided. 

HBAT8  OF  FOKMATZON. 

If  no  direct  determinations  have  been  made  of  the  heat  of  forma- 
tion of  a  combustible  organic  body,  a  very  close  approximation  to 
the  true  value  may  be  reached  by  calculation  from  the  knoWn  heat  of 
combustion  of  the  material.  By  complete  combustion  the  substance 
is  resolved  into  carbon  dioxide,  nitrogen,  water  vapor,  etc.  It  is 
evident  that  the  heat  of  formation  of  the  body  from  its  elements 
will  be  the  difference  between  the  sum  of  the  heats  of  formation  of 
the  products  resulting  from  its  complete  combustion,  and  the  heat 
of  combustion  of  the  material  itself.    As  a  simple  example  of  this 
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method  of  calculation  methane  may  be  taken.  Methane,  burning  to 
11,0  and  CX),,  according  to  the  reaction 

produces  13,343  calories  per  gram  of  methane.^  Accordingly,  the 
heat  of  combustion  of  1  gram-molecule  of  methane  will  be  16X13,343 
calories,  or  213,488  calories.  The  heat  of  formation  of  1  gram- 
molecule  of  CO,  is  94,300,  and  the  heat  of  formation  of  2  gram- 
molecules  of  water  is  2X69,000  calories  (the  water  being  liquid). 
The  heat  of  formation  of  methane  is  the  difference  between  213,488 
calories  and  94,300  +  2x69,000,  which  is  18,812  calories. 

Tables  of  heats  of  formation  give  18,900  calories  (Berthelot)  as 
the  heat  of  formation  of  methane,  a  value  that  is  in  substantial  accord 
with  the  figure  just  deduced. 

If  the  heat  of  formation  of  an  organic  body  is  known,  but  the 
heats  of  formation  of  its  nitro  derivatives  or  its  organic  nitrates  have 
not  been  determined,  the  rule  given  by  Berthelot  is  a  convenient 
one  for  determining  these  values.  He  found  that  the  action  of  nitric 
acid  upon  an  organic  body,  with  the  entrance  of  the  NO,  group, 
evolved  about  36,500  calories.  As  all  the  other  products  of  reaction 
have  constant  heats  of  formation,  this  change  may  be  expressed  in 
an  equation  as  follows: 

C,H50,H-nHNO,=C,H5.„Oe  (NO2)„+nHjO+n36,500  caloriee 

As  the  heat  of  formation  of  nitric  acid  is  41,500  calories,  and  that 
of  liquid  water  69,000  calories,  the  equation  should  be  so  written  as 
to  state  that  the  heat  of  formation  of  the  original  organic  body  plus 
41,500  calories,  equals  the  heat  of  formation  of  the  nitro  body,  plus 
69,000  calories,  minus  36,500  calories. 

Then 

2+41,500  calorie8»x+y +69,000  calories -36,500  calories 

Eliminating  x  gives: 

y=»9,000  calories 

This  indicates  that  9,000  calories  are  evolved  when  one  NO,  group 
is  introduced  into  an  organic  body.  This  fact  may  be  expressed  as  a 
general  rule  covering  organic  bodies,  as  follows: 

L=K+nX9,000  calories 

where  K  is  the  heat  of  formation  of  the  organic  body,  L  is  the  heat 
or  formation  of  the  nitro-substitution  body,  and  n  is  the  number  of 
nitro  groups  introduced. 

In  a  similar  way  the  heat  of  formation  of  an  organic  nitrate  may 
be  determined  when  the  heat  of  formation  of  the  corresponding 

Aooordliig  to  Berthelot  the  beat  of  borning  of  1  gram  CH«— 13,343  calories. 
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simple  body  is  known,  and  this  may  be  expressed  in  general  at 
follows : 

L»KnX22,400  calories 

where  K  is  the  heat  of  formation  of  any  organic  body,  L  is  the  heat 
of  formation  of  its  nitrate,  and  n  is  the  number  of  nitrate  groups 
that  have  been  introduced. 

In  both  of  the  cases  above-mentioned  it  should  be  remembered 
that  the  physical  state  of  the  nitrate  or  nitro  body  must  be  the  same 
as  that  of  the  original  organic  body,  since  the  reactions  take  account 
only  of  the  heat  evolved  in  the  chemical  changes  that  take  place  upon 
the  conversion  of  the  original  body  into  the  final  body.  No  account 
is  taken  of  any  change  of  state  that  occurs  in  the  meantime,  as,  for 
example,  a  liquid  organic  body  forming  a  solid  nitro  body. 

As  an  example  of  the  calculation  of  the  heat  of  formation  of  a 
nitro  body,  the  following  may  be  taken: 

The  heat  of  formation  of  benzene  (CgHe)  was  found  to  be  —4,100 
calories  (Berthelot).  By  the  rule  just  given  the  heat  of  formation 
of  memo-nitrobenzene  should  be  —4,100  calories  +9,000  calories 
»  4,900  calories.  A  direct  determination  of  the  heat  of  formation  of 
mono-nitrobenzene  gave  the  value  5,100  calories  (Berthelot).  The 
theoretical  calculation  agrees  within  200  calories  with  the  value 
determmed  by  experiment. 

TABZ«B8  OF  ITSE  IN  THEBJCOCHEMICAL  CALCULATIONS. 

The  following  tables  contain  data  of  value  to  the  explosives 
chemist. 

Table  I. — Atomic  weighUy  exjjressed  in  round  numbers,  of  the  elements  likely  to  be  met 

with  in  the  manufacture  of  explosives. 


Element. 


Aluminum. 
Antimony . 

Araenic 

Barium 

Caloium 

Carbon 

Chlorine... 
Fhiorlne... 
Hydiofsen.. 

Iodine 

Iron 

lA»A 

Lithium... 


Symbol. 

1 
Atomic    1 
weight.   1 

'       A. 

27 

8b 

120 

Aa 

76 

Ba 

137 

Ca 

40 

C 

12 

01 

35.5 

F 

19 

H 

I 

I 

127 

Fe 

56 

Pb 

207 

Li 

7 

Magnesium . 
Manganese . . 

Mercury 

Nitrogen 

Oxycpn 

Phosphorus . 
Potjissium . . 

Piilcon 

Sodium 

Strontium . . 

Sulphur 

Tin 

Zinc 


Mn 

?f 

O 
P 
K 

Si 
Na 

Sr 
8 

Sn 
Zn 


Atomic 
weight. 


34 
55 

200 
14 
16 
31 
39 
28 
23 
88 
32 

119 
65 


Table  2. — Weight  of  1  liter  of  certain  gases  at  0^  C.  and  760  mm.<^ 


Substance. 


Carbon  dioxide . . . 

Oxygen 

Nitrogen 

Carb<m  monoxide , 
Hydrogen 


Formula. 


CO, 
O, 
N, 

CO 
H, 


Qramt. 
1.965 
1.420 
1.254 
1.251 
.0995 


Substance. 


Methane 

Uydrogen  sulphide. 

Ammonia 

Nitric  oxide 


Formula. 


Weight. 


CH4 

NH, 
NO 


0.7150 
l.fi22 
.7615 
1.3417 


•  Hempel,  Walthen  Methods  of  Gas  Analysis. 
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Tasus  3. — Seati  qf  hydration  qftonu  eommon  erystaUins  9altM. 


Sabstanoe. 

Reaction. 

Formula. 

Calories. 

Authority. 

Z]iS04+7U|0 

ZnSO4*7H|0 

22,600 
24,080 
10,220 
21,800 
8,600 

Thomaen. 

Maenesfum  solphato 

Sodium  sulphate 

IISSO4+7H1O 

MgflOi-THflO 

Do. 

Na^Oi+lOHsO 

Nad3O4'10HiO 

Do. 

Sodium  carbonate 

Narf3Oi+10H|O 

Na^Oi'lOHtO 

Do. 

Ammonium  oxalate 

AlumiDom  sulphate. 

Pfkf'f^jf^fiipi  alanp 

fNH4),CK>4+H,0 

Alfr804)i+18HfO 

kAi«(804)4+24H,0.... 

(NH4)rf5iO«HK) 

A1«C  804)i*18HgO 

Berthelot. 

KiAliCS04)4'24HiO 

Tablb  4. — MoUeuiar  heaU  of  ga&e^,  at  eomtant  volume,  eoneemed  in  the  thermoehemical 

calciUatUm$  0/ explosives. 


Substance. 

Formula. 

Speoiflohest 
of  gas. 

Substance. 

Formuia. 

Speeifloheat 
of  gas. 

Carbon  dioxide* ...    ... 

COs 
SOi 

6.26+0.00871 
6.26+  .0087t 
6.61+  .(xa» 
4.80+  .ooooe 

4.80+  .00061 
4.80+  .000« 

Hydrofffin  a 

CH4 
NH* 
H,8 
NO 

4.80+a0006( 

Sulphur  diozldea 

WflAer  vauofo 

Methane 

7.10+  .0006< 

Ammonia 

6.70+  .00061 

Nitrogen  « 

Hydrogen  sulphide 

Nitrlo  oxide 

6.80+  .OOOK 

Oarbon  monoxides 

4.80+  .OOOtt 

Oxyiwn« 

a  Mallard  and  LeChateHer,  Compt.  Rendns,  toI.  06, 1881,  p.  1014. 
Table  5. — Specific  heats  of  solids  found  in  explosion  reactions. 


Substance. 


Ahmiinum  oxide 

Ammonium  chloride  (crystallized). 

Barium  carbonate 

Barium  chloride  (taaed) 

Oakium  carbonate  (marble) 

Carbon 

Chromic  oxide 

Dolomite. 

Magnesium  carbonate 

Magnetite 

IfBen^inm  sulphate 

Potassium  bicarbonate 

Potassium  blsulphate  (crystallized) 

Potaasfaim  carbonate  (rased) 

Potassium  chloride  (fosed) 

Potassium  sulphate  (crystallised) . . 

Potassium  sulphate  (Itaed) 

Potassium  suli^iJde 

Pyioluflite. 

Quarts 

Sodium  bicarbonate  (fused) 

Sodinm  carbonate  (ftised) 

Sodium  chloride  (fused) 

Sodium  sulphate  (crystallized) 

Sodium  sulphate  (fbsed) 

Sodium  sulphide 

Zinc  oxide  (Ignited) 

Zinc  sulphate 


Formula. 


Aljjp, 

NH^Cl 

BaCO, 

BaCli 

CaCOp 

C 

Cr^a. 

CaMg(CO,),. 

MgCD, 

Fei04 

MgSOi 

KHCOi 

KHSO4 

KiCOi 

KCl 

K18O4 

K^04 

KiS 

MnO» 

SIO,. 

NaHCOs.... 

Na^Oi 

NaCl 

NaflS04 

NajSOi 

Narfl 

ZnO 

ZnSOi 


Tem- 
perature. 


•C. 
0-100 
1&-  45 
11-00 
1&-  47 
0 


21-  82 
18-47 


24-00 
25-100 


10-  51 
17-  47 
IS-  47 
13-  45 
15-08 


17-  48 
20-60 


18-  48 
la-  46 
28-  67 
17-08 


17-  06 
22-100 


Spedfle 
heat. 


0.1827 
.373 
.110 
.000 
.2028 
.633 
.177 
.206 
.206 
.1678 
.225 
.206 
.244 
.206 
.171 
.106 
.100 
.1615 
.150 
.186 
.246 
.246 
.213 
.2203 
.2312 
.2436 
.1248 
.174 


Authority. 


Nllson. 

Kopp. 

Regnault. 

Kopp. 

Webber. 

^      <"> 
Kopp. 

DO. 

(») 

Regnault. 
Pape. 

^      ^*> 
Kopp. 

DO. 

Do. 

Do. 
Regnault. 
Berthelot. 
Kopp. 

Do. 

Kopp. 
Do. 
SchfUler. 
Regnault. 
Gody. 
Regnault. 
Pape. 


6  4 
a  Assumed  to  be  -^^0.533. 

h  Assumed  to  have  the  same  value  as  dolomite. 

«  Assumed  to  have  the  same  value  as  potassium  carbonate. 

d  Assumed  to  have  the  same  value  as  sodium  carbonate. 
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Subrtua. 

ProducW- 

HnlDl 
tormMIOD. 

AnaiotitT. 

Alninlini'"  nilpluu. 

1 

879,700 

7B;800 

B8,osa 

S:Z 

as 

138,  «n 

J70,«0 

H.aoo 

It,  ICO 

Si 

Mi  900 

-13,800 

11,300 

aI70,»0 

93a>» 

177,100 
95' 800 

•ssss 

iis,eoo 

aii 

ZTllflOO 

»6,TTO 

1 

AmmMiianKaliiliaW 

&.2:i;^hiii.i.; 

ThoUKKi. 

gi?j.1:NU;o.v.:::: 

ssSs;;;;;-;. 

^iSi-iiir 

C,                 hO, 

Bae.::::::::::::- 

basasffi:::":: 

iJ        ■^°-::::: 

CHAPTER  m. 

CHARACTERISTICS    OF   THE    NATURAL    OAS    USED   AT 

PITTSBURGH. 

By  George  A.  Burbbll. 


XNTBODXrCTION. 

In  planning  the  work  at  the  Pittsburgh  station  it  was  decided  to 
use  the  natural  gas  supply  of  the  city  for  forming  the  mixtures  of  gas 
and  air  used  in  the  testing  galleries.  In  order  to  ascertain  the  com- 
position of  this  gas,  and  the  extent  to  which  the  composition  was 
liable  to  vary,  the  gas  was  analyzed  every  day  for  about  two  weeks. 
At  the  end  of  this  period  the  results  obtained  had  established  the  fact 
that  the  composition  of  the  gas  varied  only  little  from  week  to  week, 
and  thereafter  analyses  were  made  weekly. 

METHODS  OF  ANALYSES. 

Tests  for  carbon  dioxide,  oxygen,  hydrogen  sulphide,  olefine  hydro- 
carbons, and  carbon  monoxide  were  occasionally  made,  using  large 
amounts  of  the  gas,  but  the  analyses  given  were  made  by  a  eudio- 
metric  method,  which  followed  in  general  the  scheme  of  Hempel." 
Since  the  completion  of  the  analyses  referred  to  in  this  bulletin 
apparatus  has  been  devised  that  is  superior  in  some  respects  to 
the  Hempel  apparatus  for  the  analysis  of  natural  gas.  This  appa- 
ratus will  be  described  in  a  forthcoming  publication  of  the  Bureau 
of  Mines.  The  burette  used  was  graduated  in  tenths  of  1  cubic  cen- 
timeter. It  was  water-jacketed,  and  hud  a  compensating  device.^ 
Because  of  the  latter,  small  differences  in  room  temperature  during 
the  progress  of  analyses  could  be  disregarded.  This  device  also 
afforded  a  quite  precise  means  of  making  adjustments  before  the 
taking  of  burette  readings.  Mercury  was  used  in  the  measuring 
burette  and  in  the  combustion  pipette.  With  the  apparatus  used 
an  accuracy  greater  than  0.1  per  cent  could  hardly  be  attained;  con- 
sequently when  a  constituent  was  reported  absent  assumption  was 
made  that  its  presence  could  not  be  detected  in  amount  greater  than 
this  figure. 

a  Hempel,  Waltber:  Metbods  of  Oas  Anatysts.    EngUah  translation  by  L.  M.  Dennis,  1910. 
*  I<Sem«'p.  01;       ' 
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DiscoYery  was  early  made  that  the  accurate  determination  of  the 
constituents  present  in  the  natural  gas  offered  difficulties  of  no  small 
moment.  Those  constituents  absorbable  by  solutions  were  either 
absent  or  present  in  such  small  quantities  that  their  estimation  by 
ordinary  eudiometric  methods  required  strict  attention  to  detail  in 
handling  the  apparatus,  and  the  large  amount  of  combustible  gas 
present  required  for  its  determination  the  use  of  a  lai^e  percentage 
of  the  residual  gas  left  after  the  absorption  solutions  had  been  used. 
Experience  showed  that  through  poor  manipulation  and  misuse  of 
the  solutions  one  might  easily  report  several  tenths  of  1  per  cent  or 
more  of  a  gas  that  was  either  present  in  much  smaller  amounts  than 
this  or  which  was  entirely  abs«it. 

GABBON  DIOXIDE. 

Carbon  dioxide  is  found  almost  everywhere  snd  its  presence  in 
natural  gas  should  cause  no  surprise,  yet  the  natural  gas  used  at 
Pittsburgh  contains  only  small  quantities  of  it,  usually  such  amounts 
that  its  presence  can  not  be  detected  with  the  apparatus  used.  Pass- 
ing the  gas  through  lime  water,  however,  shows  that  carbon  dioxide 
is  present. 

OXYGEN. 

Tests  with  alkaline  pjrrogallate  solution  showed  the  occasional 
presence  of  traces  of  oxygen  in  tlie  samples  analyzed.  This  oxygen 
was  not  necessarily  present  in  the  gas  at  the  wells,  but  was  probably 
introduced  into  the  gas  as  it  traversed  the  pipe  lines.  The  quantities 
occasionally  found  were  so  smaU,  however,  as  to  lie  within  the  accu- 
racy of  making  the  determinations. 

OLEFINE   HYDROCARBONS. 

Search  was  made  for  define  hydrocarbons  by  means  of  fuming  sul- 
phuric acid  and  a  saturated  solution  of  bromine  watw.  The  practice 
was  to  pass  the  gas  into  the  acid  and  immediately  withdraw  it. 
The  acid  fumes  were  then  removed  by  washing  the  gas  with  a  solution 
of  caustic  potash.  On  some  samples  several  tenths  of  1  per  cent 
reduction  in  volume  of  the  sample  followed.  Bromine  was  tried 
several  times  in  those  cases  where  the  sulphuric  acid  gav^  a  positive 
result  and  caused  one-half  as  much  reduction  in  volume  of  the  gas 
as  that  caused  by  the  acid.  Later,  qualitative  tests  were  conducted 
by  passing  the  gas  through  a  dilute  solution  of  palladium  chloride,^ 
but  no  reduction  of  the  salt  followed.  This  reaction  is  extremely 
delicate.  In  the  presence  of  define  hydrocarbons,  carbon  monoxide, 
or  hydrogen  sulphide,  palladium  is  precipitated  and  appears  as  a 

a  F.  C.  Phillips:  Researches  np<m  the  phenomena  of  oaddatton  and  ehffinioal  properties  of  gas.   Am. 
Chem.  Joar.,  toI.  16»  No.  4,  p.  987. 
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dark  cast  or  as  suspended  particleB  throughout  the  liquid.  An  exami- 
nation of  certain  natural  gases  from  southern  Cahf omia  that  were 
heavily  impregnated  with  higher  members  of  the  paraffin  series, 
showed  that  the  solution  of  these  higher  paraffins  in  fuming  sulphuric 
acid  is  very  madked,  and  that  tests  for  paraffin  hydrocarbons  in 
natural  gas  by  the  use  of  fuming  sulphuric  add  may  be  misleading. 
R.  A.  Worstfidl^  has  also  made  the  latter  observation. 

OABBON  MONOXIDE. 

A  solution  of  cuprous  chloride  did  not  prove  satisfactory  in  testing 
natural  gas  containing  higher  members  of  the  paraffin  series  for 
carbon  monoxide^  because  it  exerted  a  slight  solvent  action  upon 
those  members;  consequently  qualitative  tests  were  made  hj  using 
dilute  solutions  of  blood  or  piJladium  chloride.  Spectroscopic  exami- 
nations were  also  made,  but  carbon  monoxide  was  in  no  case  detected. 
Experimental  work  on  known  amounts  of  carbon  monoxide  showed 
that  the  presence  of  0.1  per  cent  of  carbon  monoxide  could  be  detected 
by  the  means  employed.  The  method  consisted  iu  passing  200 
cubic  centimeters  of  the  natural  gas  at  the  rate  of  10  cubic  centi- 
meters per  minute  through  a  dilute  blood  solution  (in  which  1  volume 
of  blood  was  diluted  225  times  with  water)  in  test  tubes  6  inches  long 
and  0.75  inch  wide.  The  pink  color  characteristic  of  carbon  monox- 
ide-haemoglobin was  not  imparted  to  the  blood  solution. 

HYDROGEN  SULPHIDE. 

Tests  for  hydrogen  sulphide  were  made  by  means  of  iodine  and 
starch,  also  by  passing  the  gas  through  a  solution  of  lead  acetate  for 
several  hours.    No  hydrogen  sulphide  was  found. 

HTDBOOEN. 

Palladimn  asbestos  heated  to  100^  C.  was  used  in  testing  for  hydro- 
gen. A  contraction  in  voliune  was  never  obtained  by  passing  the  gas 
over  this  substance.  The  working  qualities  of  the  palladium  asbestos 
were  checked  by  means  of  gas  mixtures  containiog  known  quantities 
of  hydrogen. 

PARAFFIN  HYDROCARBONS. 

The  slow-combustion  method  was  used  for  the  determination  of  the 
paraffin  hydrocarbons,  as  follows:  Fifty  cubic  centimeters  of  the  gas 
residue  were  introduced  into  a  Dennis-Winkler  slow-combustion 
pipette  and  the  platinum  spiral  was  heated  to  a  bright  red;  150  cubic 
centimeters  of  oxy^n  were  then  added  at  the  rate  of  10  to  15  cubic 
centimeters  per  minute.    By  this  procedure  the  gas  burned  quietly 

a  Jour.  Am.  Cbem.  fioo.,  vol.  21,  UN,  p.  346,  and  toL  30, 1888,  p.  364. 
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as  fast  as  it  ontored  the  pipette  and  an  explosion  consequent  on  an 
accumulation  of  gas  and  air  was  prevented.  An  air  blast  was  used  to 
expedite  the  cooling  of  the  pipette  after  combustion;  it  proved 
efficient  as  it  reduced  the  time  required  for  combustion  and  cooling 
to  about  six  minutes.  An  analysis  of  natural  gas  follows  which  shows 
the  method  of  procedure  and  calculation. 

Analysis  of  natural  gas. 


Burette 
reading. 

Percent. 

Burette 
reading. 

Percent. 

Votiime  of  sample  taken 

Cubie 
eenti- 
met€T». 
100.0 
99.9 
99.9 

99.9 

50.0 

150.0 

200.0 

97.5 

102.5 

Volume  after  carbon  dioxide 

absorption 

Carbon  dioxide 

CtMe 

cfnti- 
vuten. 

40.1 

57.4 

41.0 

8.2 

Carbon  dioxide 

0.1 
.0 

Oxygen 

ParuRns  by  combustion — 

Partial  methane 

Total  residue 

Partial  Hhane 

Portion  taken 

Total  methane 

82.6 

Oxygen  added 

Totu  volume 

Total  ethane 

16.4 

Nitrogen 

1.5 

Volume  after  burning. . 
Contraction 

100.0 

The  paraffin  hydrocarbons  have  the  general  formula  Cnllzn+a.  The 
following  list  includes  six  of  those  hydrocarbons: 

CH4 Methane. 

C2H0 Ethane. 

C,Hg Propane. 

G4H1Q Butane. 

G^is Pentane. 

CisH|4 Hexane. 

The  first  four  members  are  gases  at  ordinary  temperatures. 

Hexane  is  the  main  constituent  of  the  gasoline  obtamed  from  the 
distillation  of  oils  having  paraffin  bases.  Gasoline  obtained  from 
natural  gas  in  the  oil  fields  contains  lower  members  of  the  paraffin 
series  than  gasoline  procured  by  refining  petroleum.  So  volatile  is 
some  of  the  gasoline  from  natural  gas  that  difficulty  has  been  experi- 
enced in  preventing  considerable  loss  of  the  liquid  by  evaporation. 
Liquid  butane  has  a  boiling  point  of  1®  C.,*  consequently  a  rapid 
volatilization  takes  place  at  ordinary  temperatures  from  natural  gas 
gasoline  containing  butane. 

It  is  believed  that  paraffins  higher  than  ethane  exist  in  traces  only 
in  the  natural  gas  used  at  Pittsburgh.  Because  of  the  high  rock  pres- 
sure to  which  the  gas  is  subjected  in  the  earthy  and  the  miles  of  pipe 
line  traversed  by  some  of  the  gas  before  it  reaches  Pittsburgh,  paraffins 
higher  than  ethane  are  probably  present  in  veiy  small  quantities  in 
the  gas  as  it  enters  the  city.  Because  of  the  lack  of  a  sufficient  pro- 
portion of  the  higher  paraffins,  the  manufacture  of  gasoline  from  the 
gas  at  Pittsburgh  is  not  a  commercial  success. 

•  Wairs  Dictionary  of  Chemistry,  1905.  vol.  1,  p.  638. 
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A  test  conducted  by  passing  the  gas  veiy  slowly  for  five  hours 
through  a  glass  tube  8  inches  long  and  0.5  inch  wide,  placed  in  a 
freezing  mixture  having  a  temperature  of  — 10^  C,  resulted  in  no  visible 
condensation.  This  test  does  not  show  the  entire  absence  of  butane, 
but  some  condensation  should  have  occurred  were  the  gas  present  in 
quantity  beyond  that  required  to  saturate  the  other  gases  with 
butane  vapor  at  the  temperature  used.  Propane  in  the  liquid  con- 
dition boils  at  - 17^  C.« 

The  solubility  of  natural  gas  in  absolute  alcohol  was  tried  by  shak- 
ing 1  cubic  centimeter  of  the  latter  with  100  cubic  centimeters  of 
natural  gas  in  a  Hempel  explosion  pipette  over  mercury^  The  alcohol 
dissolved  2.5  cubic  centimeters  of  the  gas. 

The  solubility  of  some  of  the  paraffin  hydrocarbons  in  alcohol  is  as 
follows: 

1  volume  of  alcohol  diasolvee  0.523  volume  of  methane  at  0^  0.^ 
1  volume  of  alcohol  diasolvee   L  5    volumes  of  ethane .« 
1  volume  of  alcohol  dissolves   6.0     volumes  of  propane.^^ 
1  volume  of  alcohol  dissolves  18.0     volumes  of  butane.' 

The  relative  solubilities  of  the  individual  paraffins  as  compared  to 
the  solubility  of  the  natural  gas  in  the  alcohol  indicates  that  the  higher 
paraffins  are  not  present  in  the  latter  mixture  in  large  amounts. 

No  satisfactoiy  method  of  calculating  the  members  of  the  paraffin 
series  in  an  unknown  mixture  of  two  or  more  of  the  latter  is  known. 
No  absorbents  are  known  that  will  qualitatively  absorb  in  turn  the 
different  members  and  leave  the  others  untouched.  Consequently 
they  are  determined  as  a  whole  by  combustion  as  stated  before.  In 
the  typical  example  given,  the  combustion  data,  that  is,  the  carbon 
dioxide  formed  and  the  contraction  produced  by  the  complete  com- 
bustion of  the  natural  gas,  have  been  calculated  to  methane  and  ethane 
according  to  the  following  reactions: 

CH4+20,=COa+2H20 
CA+3iOj=2C02H-3H,0 
Let  x=Bthe  quantity  of  methane,  and  let  y=sthe  quantity  of  ethane. 
Then  the  carbon  dioxide  pioduced»x+2y,  and  the  contraction  produced  =2x4  2}y. 

The  amounts  of  methane  and  ethane  as  determined  by  this  pro- 
cedure are  not  correct  if  a  mixture  of  more  than  two  paraffins  is  present, 
but  the  figure  for  total  paraffins  determined  by  this  calculation  is 
correct,  r^ardless  of  the  quantity  or  character  of  the  individual 

a  Watt's  Dictionary  of  Chemistry,  1907,  vol.  4,  p.  307. 
k  Watt's  Dictioxiary  of  Chemistry,  1906,  vol.  3,  p.  251. 
«  Watt's  Dictionary  of  Chemistry,  1906,  toL  2,  p.  460. 
d  Watt's  Dictionary  of  Chemistry,  1907,  toI.  4.  p.  307. 
«  Wstt't  Dictionary  of  Chemistry,  190S,  toL  1,  p.  888. 
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paraffins  preeent.    This  can  be  shown  as  follows :  Propane  and  butane 
combine  with  oxygen  according  to  the  following  reactions: 

CjHgH-SOa^aCOa+ffljO 
C4H,o+6iO,-4COa+5H20 

Let  an  assumption  be  made  of  a  mixture  of  100  volumes  of  paraf- 
fins divided  as  follows: 

Volumes. 

CH^ 80 

C2H^ 15 

C3H8 4 

^4^10 1 

This  mixture  with  sufficient  oxygen  for  complete  combustion  would 
produce  126  volumes  of  carbon  dioxide  and  undergo  a  contraction  in 
volume  of  213  volumes.  The  combustion  data  if  calculated  as 
methane  and  ethane  are  equivalent  to  74  volumes  of  methane  and  26 
volumes  of  ethane.  The  proportions  are  incorrect,  but  the  amount 
of  total  paraffins  is  exact.  The  74  volumes  of  methane  and  26 
voliunes  of  ethane  consume  the  same  amount  of  oxygen  upon  burning 
as  the  100  volumes  of  the  mixture.  In  view  of  these  facts  it  can  be 
seen  that  the  heating  value  of  the  natural  gas  used  at  Pittsburgh  cal- 
culated on  the  assumption  that  methane  and  ethane  only  are  present 
is  correct.    Let  the  following  heating  values  be  used: 

Methane  has  a  heating  power  of  1,065  British  thermal  units  per  cubic  foot  at 

32®  F.  and  760  millimeters  of  mercury. 
Ethane  has  a  heating  power  of  1,861  British  thermal  units  per  cubic  foot  at 

32**  F.  and  760  millimeters  of  mercury .«  . 

According  to  the  analyses  on  page  95,  the  natural  gas  has  a  heating 
value  of  1,179  British  thermal  units  per  cubic  foot  at  32®  F.  and  760 
millimeters  of  mercury.  This  figure  has  been  verified  by  trial  with 
a  Junker  calorimeter. 

COLLECTION  AND  ANALYSIS  OF  GAS  SAHPLBS  FBOM  THE  TESTING 

GALLEBY. 

For  a  long  time  a  value,  called  the  methane  equivalent;  was  deter- 
mined daily.  It  is  now  determined  biweekly.  The  methane  equiva- 
lent is  the  volume  of  carbon  dioxide  that  100  cubic  centimeters  of  the 
gas  will  produce  on  undergoing  complete  combustion  and  is  equal  to 
the  carbon  dioxide  produced  by  the  combustion  of  the  methane  and 
ethane. 

Samples  of  the  various  mixtures  of  gas  and  air,  collected  over  water 
in  a  suitable  container  by  the  engineer  in  charge  of  the  gallery,  were 
sent  to  the  laboratory  for  analysis.  Upon  arrival  at  the  laboratoiy  a 
sample  was  transferred  to  a  water-jacketed  burette,  measured,  and 

a  Landolt-Bornstein,  FhystkalisclwsheinJfChe  TabeUen,  flftti  edition,  p.  42S;  from  J.  ThoDaaen,  Thenao- 
diemJsche  UntersuchUDgeii,  vol.  4, 1886. 
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pfuned  into  the  slow  eombuBtkm  pipette.  If  the  sample  was  an 
explosive  mixture,  Plough  air  was  added  to  make  the  mixture  nonex- 
plosive.  After  combustion  the  gas  was  drawn  back  into  the  burette, 
measured,  and  transferred  to  the  pipette  containing  potassium 
hjdroxid^  The  volume  of  carbon  dioxide  found  was  then  divided  by 
the  methane  equivalent  and  the  result  multiplied  by  100  to  obtain 
the  percentage  of  natural  gas  in  the  sample.  This  figure  was  then 
multiplied  by  the  percentage  of  the  various  constituents  of  the  natural 
gas  as  determined  by  the  analysis  for  that  week,  giving  the  percentages 
of  methane,  ethane,  and  nitrogen  in  the  gas  mixture. 

At  present  in  analyzing  gas-air  mixtures  the  contraction  due  to 
combustion  only  is  determined.  This  figure  is  divided  by  the  figure 
giving  the  contraction  in  centimeteis  produced  by  complete  oxida- 
tion of  100  cubic  centimeters  of  natural  gas,  to  determine  the  amount 
of  natural  gas  in  the  gas-air  mixture.  The  calculation  is  continued 
as  stated  above* 

To  riiow  that  the  method  of  collecting  samples  of  the  gas-air  mix- 
tures over  water  had  no  effect  on  the  accuracy  of  the  work,  the  two 
following  sets  of  analyses  are  cited.  The  first  set  was  made  imme- 
diately upon  taking  the  sample  and  the  second  set  after  the  sample 
had  stood  over  water  lor  two  days. 


Analyses  of  gas-air  mixtures. 

Date  analysed. 

Natural  gas. 

8aoq;>lel. 

SaiiiplB2. 

Samples. 

Sept  9. 1909 

Percent. 
4.16 
4.10 

Percent. 
4.20 
4.27 

Percent. 
4.29 

Sept.  11. 1900 - -  -  - - 

4.27 

Collecting  samples  over  water  was  permissible  because  there  were 
in  the  gas  no  constituents  upon  which  water  has  an  appreciable 
solvent  acticm. 

BXPLOSIBIUTY  OF  GAS-AIB  MIXTURES. 

In  order  to  interpret  satisfactorily  the  results  of  the  tests  of  explo- 
sives at  the  Pittsburgh  station,  the  explosive  characteristics  of  the 
gas-air  mixtures  used  were  investigated.  Mixtures  of  combustible 
gases  with  air  are  explosive  within  certain  definite  limits.  If,  starting 
with  the  most  explosive  mixture,  the  proportion  of  air  in  the  mixtures 
be  gradually  increased,  the  explosions  become  less  and  less  violent 
until  at  last  a  mixture  is  obtained  containing  so  small  a  percentage  of 
gas  that  it  can  not  be  exploded.  This  is  called  the  lower  limit  of 
explosion.  Similarly,  if  the  proportion  of  gas  be  gradually  increased 
a  mixture  is  finally  obtained  that  is  incapable  of  explosion.  This  is 
called  the  upper  limit  of  explosion. 
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These  limits  for  different  gases  appear  to  be  determined  largely  by 
the  quantity  of  air  required  for  complete  combustion.  The  explosion 
limits  of  the  same  mixture  will  vary  somewhat  with  the  size  and 
shape  of  the  vessel  used,  the  method  of  ignition  employed,  and  the 
temperature  and  pressure  of  the  mixture.  Hence  it  is  practically 
impossible  to  define  exact  limits  within  which  gas-air  mixtures  are 
explosive.  If  a  spherical  vessel  be  used,  the  limits  are  somewhat  wider 
than  those  obtained  by  the  use  of  a  long,  narrow  one;  also,  if  the  mix- 
ture be  ignited  by  a  flame,  especially  if  the  flame  be  applied  at  the 
bottom  of  the  vessel,  the  limits  differ  from  those  obtained  when  the 
mixture  is  ignited  by  an  electric  spark.  The  size  of  the  spark  also 
makes  some  difference. 

The  explosion  limits^  of  the  more  common  combustible  gases,  such 
as  methane,  hydrogen,  and  carbon  monoxide,  have  been  carefully 
investigated  and  values  that  agree  fairly  well  have  been  determined 
by  different  chemists. 

The  higher  homologues  of  the  paraflSn  series,  when  in  the  gaseous 
state,  have  narrower  explosion  limits  than  the  lower  members. 
Methane,  for  instance,  has  a  lower  limit  of  6  per  cent  gas  and  a  higher 
limit  of  13  per  cent,  while  pentane  (fifth  in  the  series)  has  a  lower 
limit  of  2.4  per  cent  and  a  higher  limit  of  4.9  per  cent.  Because  nat- 
ural gas  contains  ethane  one  would  expect  its  explosion  limits  to  be 
somewhat  narrower  than  those  of  methane.  Experiments  made  at 
different  times  during  the  year  showed  that  the  limits  for  natural  gas 
varied  somewhat,  even  though  the  conditions  imder  which  the  experi- 
ments were  performed  were  nearly  similar.  The  following  results, 
obtained  by  using  a  Hempel  explosion  pipette,  with  mercury  as  the 
confining  fluid,  show  this  variation: 


Explosion  limits  of  mixttans  of  air  and  natural  gas. 

Peroentace  of  gajt. 

Low  limit. 

High  limit. 

Sample  No.  1 

4.8 
6.0 
fi.3 

8ampk»  No.  2 

12.4 

Sample  No.  3 

11.8 

As  the  gas  did  not  change  enough  in  composition  to  account  for  this 
variation,  conditions  in  the  experiments  by  which  the  limits  were 
determined  were  probably  responsible.  In  the  case  of  the  third 
sample,  water  instead  of  mercury  was  used  in  the  burette  in  which  the 
gas  and  air  were  measured,  and  the  spark  was  more  feeble  than  in  the 
first  and  second  cases.  In  addition,  the  values  were  determined 
under  different  weather  conditions. 


aln  this  discussion  of  the  explosion  limits  of  a  gas,  the  gas  is  assumed  to  be  mixed  with  air  unless  aeon, 
trary  statement  is  made. 
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OOXPA&ISON  OF  EXPLOSION  LIMITS  OF  VA&IOT7S  QAS-AIB 

XDCTITBES. 

In  determining  the  explosion  limits  of  natural  gas  and  air  mixtures, 
the  main  essential  has  to  do  with  a  comparison  with  the  explosion  limits 
of  other  gases,  principally  with  those  of  methane  and,  to  a  lesser  degree, 
with  those  of  coal  gas.  The  last  comparison  is  of  consequence,  because 
coal  gas  is  used  at  the  Woolwich  testing  gallery  in  England.  Conse- 
quently the  explosion  limits  for  natural  gas,  methane,  and  coal  gas 
were  determined  on  the  same  day,  with  the  same  apparatus,  and  under 
conditions  that  were  kept  as  nearly  constant  as  possible.  In  common 
with  the  results  obtained  by  other  investigators,  the  lower  limit  of 
explosibility  of  gaseous  mixtures  was  found  to  be  somewhat  below 
the  limit  at  which  the  gas  undergoes  complete  combustion.  A  mix- 
ture of  natural  gas  and  air  can  be  exploded  when  it  contains  5  per  cent 
of  gas,  but  complete  combustion  ensues  only  when  the  proportion  of 
gas  reaches  to  5.4  per  cent.  For  comparison  the  results  obtained  by 
other  investigators  are  given  below  with  those  obtamed  at  the  Pitts^ 
burgh  laboratory  of  the  Bureau  of  Mines.  The  lowest  point  at  which 
complete  combustion  was  obtained  was  determined  by  measuring  the 
carbon  dioxide  produced.  It  was  found  that  in  all  cases  the  lower 
limit  of  explosibility  coincided  with  the  flash  as  seen  by  the  eye. 
Where  no  flash  could  be  seen,  a  measurable  contraction  in  volume  did 
not  take  place. 

Explosion  limits  of  gases. 


Gas. 


Remarks. 


Nataxal  gas  used  at  Pittsburgh. 

Do 

Ifethane 

Do 

Do 

Do 

Do 

Coaieas 

Do!!!!!!!!!!!!!!!!!!!!!!!!! 
Do 

Do 


Incomplete  combustion . 
Complete  combustion . . 

filed  ftom  below 

Fired  from  above 

Ethylene do 

Pentane {  Complete  combustion. . 

Hydrogen ! do 

c»b«monox.*, {SS'piro^lKtiii;: 


Incomplete  combustion. 
Complete  combustion . . . 
Incomplete  combustion. 
Complete  combustion . . , 

Fired  from  below 

Fired  from  above 


Do.... 
Acetylene. 


Fired  from  below. 
do 


Low 
limit. 


{ 


{ 


{ 


5.0 
5.4 
5.3 
5.7 
6.1 
5.0 
6.0 
6.0 
6.3 
7.9 
7.9 
6.0 
9.0 
7.0 
4.0 
2.4 
9.45 
0 
5 
0 
3 


5 
16 
13. 
14. 


3.0 


High 
limH. 


! 


} 


12.0 

12.8 

12.8 
13.0 
11.0 
13.0 

19.1 

10.1 
29.0 
22.0 
22.6 
22.0 
4.9 
66.4 
72.0 
74.05 
76.0 
74.6 
82.0 


Authority. 


Burrell. 

Do. 

Eitner.o 
Clowes.^ 
Do. 
R08SkOW8kl.e 

Burrell. 

Eitner.s 
Clowes.* 

Do. 
Rosskowski.e 
Clowes.* 
Eitner.o 

Do. 
Clowes.* 
Eitner.o 
Clowes.* 
Ro»kowskl.e 
Clowes.* 


•Eltner  P.,  Jour.  Qasbel,  vol.  45,  pp.  21-21, 6^72, 90-93, 112-115.  Abstract  in  Jour.  Soo.  Chem.  Ind.,  vol. 
21. 1902,  p.  396. 

*  Clowes  and  Redwood,  Detection  and  estimation  of  Inflammable  gases  and  vapor  In  air;  1806.  Pp.  2 
and  6. 

«  Kublersohky,  K.,  Zettsohr.  angew.  Chem.  1901,  vol.  6,  pp.  129-182.  Abstraot  In  Jour.  Soo.  Chem. 
Ind.,  vol.  20, 1001,  p.  346. 

The  experiments  mentioned  by  Eitner  were  made  over  water  in  a 
Bimte  explosion  burette  having  a  capacity  of  110  cubic  centimeters 
and  an  internal  diameter  of  19  millimeters.  The  ignitions  were 
brought  about  by  the  spark  of  a  powerful  induction  coil.     Only  those 
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combustions  in  which  a  contraction  corresponding  to  the  complete 
combustion  of  the  gas  was  observed  were  accepted  as  explosions. 
The  lower  limits  given  by  Eitner  were  determined  when  an  open 
cylinder  62  millimeters  in  internal  diameter  was  used^  ignition  being 
effected  by  applying  the  flame  at  the  top  of  the  vessel.  They  were 
as  follows: 

Pflreent. 

Hydrogen 8.6 

Ettiylene 3.4 

Methane 6.3 

Pentane 1. 3 

Clowes's  experiments  were  made  in  a  glass  cylinder  3  inches  in 
internal  diameter  and  closed  at  one  end.  Ignition  was  effected  by 
firing  the  gas  with  a  flame^  both  from  above  and  below. 

The  coal  gas  mentioned  in  the  above  table  of  the  explosion  limits 

of  gases  had  the  following  composition: 

* 

Compontion  of  eoal  gas  uud  in  experiments. 


m 

Constituent  gaaes. 

Gas  used 
by  Eitner. 

Oasused 
by  Burreli. 

HTdioeen 

Percent. 
60.75 
34.30 
7.05 
4.25 
1.96 
1.70 

Percent. 
48.0 

IfAthfUIA 

36.5 

Carbon  monoxide 

10.0 

TUnmiiDantS 

6.4 

Carbon  dioxide 

1.6 

Nitrogen 

2.5 

It  was  noted  that  the  dividing  line  between  an  air  and  coal  gas 
mixture  that  would  not  and  one  that  did  explode  (at  the  lower  limit) 
was  not  sharply  defined.  With  6.3  per  cent  of  gas  a  reduction  in 
volume  of  0.3  cubic  centimeters  was  recorded.  From  this  point  the 
explosion  gradually  increased  in  violence  until  the  proportion  of  gas 
was  7.9  per  cent,  when  complete  combustion  took  place.  The  most 
violently  explosive  mixture  of  coal  gas  and  air  contains  considerably 
more  gas  than  7.9  per  cent.  On  the  other  hand,  natural  gas  and 
methane  behaved  differently;  there  was  a  sharp  dividing  line  (at 
the  lower  limit)  between  a  mixture  that  would  not  explode  and  one 
that  would.  Thus  with  4.9  per  cent  of  gas  no  ignition  took  place, 
whereas  with  5  per  cent  of  gas  there  was  a  pronounced  explosion. 

EFFECT   OF  CARBON   DIOXIDE   ON   EXPLOSION   LIMITS. 

As  a  result  of  recent  experiments,  J.  K.  Clement,  physicist  of  this 
bureau,  finds  that  the  presence  of  carbon  dioxide  in  mixtures  of 
methane  and  air,  or  of  the  natural  gas  used  at  Pittsburgh  and  air, 
reduces  the  explosibUity  of  the  mixture  to  a  much  greater  extent  than 
the  presence  of  nitrogen,  and  attributes  this  effect  to  the  high  specific 
heat  of  carbon  dioxide.  Under  the  conditions  of  his  experiments  the 
mixture  of  natural  gas  and  air,  with  no  carbon  dioxide,  was  found 
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to  have  explosive  limita  lying  between  5.5  per  cent,  low  limit;  and  11.6 
per  cent,  high  Umit.  He  found  that  natural  gas  when  mixed  with 
air  containing  2.5  per  eeat  of  carbon  dioxide  had  explosive  limits 
lying  between  5.7  par  oent,  low  hmit^  and  10.5  per  cent,  high  limit. 
The  mixture  of  air  and  earbon  dioxide  with  which  the  natural  gas 
was  mixed  had  the  following  composition: 

Percent 

CO, , 2.6 

Oj 20.6 

Nj 76.9 

100.0 

When  the  gas  was  mixed  with  air  in  which  5  per  cent  of  the  air  had 
been  replaced  by  carbon  dioxide  the  explosive  limits  were  between 
6.2  per  cent,  low  limits  and  9.7  per  cent,  high  limit.  In  this  case  the 
mixture  of  air  and  earhen  dioixadB  with  whioh  tiae  natural  gas  was 
mixed  had  the  following  composition: 

Per  cent. 

CO, 5 

0, 20 

N, 75 

100 

When  natural  gas  was  mixed  with  air  in  which  95  per  cent  of  the 
nitrogen  had  been  replaced  by  carbon  dioxide,  an  explosion  could  be 
obtained  only  when  8.4  per  cent  of  natural  gas  was  present.  When 
the  gas  was  mixed  with  air  in  which  31  per  cent  of  the  nitrogen  had 
been  replaced  by  carbon  dioxide,  the  explosive  limits  lay  between 
6  and  11  per  cent.  When  natural  gas  was  mixed  with  air  in  which 
4  per  cent  of  the  oxygen  of  the  latter  had  been  replaced  by  carbon 
dioxide,  the  explosive  limits  lay  between  5.2  and  10.5  per  cent. 
When  mixed  with  air  in  which  6.3  per  cent  of  the  oxygen  was  replaced 
by  carbon  dioxide,  no  explosion  occurred.  Nearly  similar  results 
were  obtained  when  methane  was  used  in  place  of  the  natural  gas. 

It  will  be  seen  that  carbon  dioxide  exerts  an  influence  upon  an 
explosive  mixture  of  natural  gas  or  methane  and  air  even  when 
the  proportion  of  oxygen  is  not  greatly  reduced.  At  the  Frameries 
testing  gallery  in  Belgium  the  precaution  is  taken  of  removing  the 
carbon  dioxide  from  the  pit  gas  that  is  used  at  that  place. 

TEMPERATUBE   OF   IGNITION. 

Dixon  and  Howard^  obtained  the  following  ignition  temperatures 

when  the  gases  under  investigation  were  mixed  with  air: 

•c. 

Hydrogen  (about) 585 

Moist  carbon  monoxide 651 

Methane 650-760 

Ethane 520-680 

a  Chemioftl  News,  vol.  99, 1000,  p.  199. 
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They  state  that  neither  changing  the  proportions  of  the  gas  mixture 
nor  varying  the  rate  of  flow  (both  between  wide  limits)  had  an 
appreciable  effect  upon  the  values  they  obtained. 

Freyer  and  Meyer**  obtained  the  following  values  when  they 
allowed  the  gas-air  mixtures  to  flow  freely  through  a  tube: 

•c. 

Methane 650-750 

Ethane 606-650 

While  the  following  results  were  obtained  when  the  mixtures  were 

in  a  closed  space: 

•c. 

Methane 606-660 

Ethane 630-606 

In  view  of  these  results,  the  presence  of  ethane  in  the  natural  gas 
used  at  Pittsburgh  gives  the  gas  a  slightly  lower  ignition  temperature 
than  methane.  The  ignition  temperature  of  coal  gas  is  given  as  600^ 
to  655*^  C.  by  various  writers.  C.  L.  Cabot*  makes  the  statement,  on 
the  basis  of  experiments  conducted  by  himself,  that  the  ignition 
temperature  of  the  natural  gas  of  western  Pennsylvania  is  higher 
than  that  of  coal  gas. 

AIB  BBQT7IBBD  FOB  COMPLBTB  0O1CBT7STION. 

A  computation  based  on  the  results  of  the  analysis  of  natiu'al  gas 
given  on  page  66  shows  that  the  largest  proportion  of  gas  that  can 
be  present  in  a  mixture  of  natural  gas  and  air,  and  yet  undergo  com- 
plete combustion,  is  8.6  per  cent,  or,  in  other  words,  the  proper  ratio 
of  gas  to  air  to  form  the  most  explosive  mixtures  is  1:11.6.  Mix- 
tures of  natural  gas  and  air  in  this  and  other  proportions  were  made, 
exploded  over  mercury  in  a  Hempel  explosion  pipette,  and  the  prod- 
ucts of  combustion  examined  with  the  following  results: 

Products  of  coTnhustion  of  mixtures  of  natural  gas  and  air. 


Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 


No.  1... 
No.  2... 
No.  8... 
No.  4... 
No.  6... 
No.(L.. 
No.  7... 
No.  8.-, 
No.  9... 
No.  10., 
No.  11.. 
No.  13. 


Volumes  of— 

Gas  taken. 

Oasand 
air. 

COipro* 
duoed. 

COpro- 
dooed. 

Percent. 
8.5 
8.6 
8.6 
8.6 
8.7 
8.8 
8.8 
8.9 
9.3 
9.5 
11.0 
U.O 

Percent. 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

Percent. 
0.6 
9.7 
9.7 
9.8 
9.7 
9.3 
9.7 
9.3 
8.7 
8.7 
6.2 
6.0 

Percent. 

0:7 
1.0 
5.8 
6,0 

Oi  after 

combiia- 

tion. 


Percent. 
0.3 
.4 
.4 
.1 
.3 
.3 
.1 
.3 
.1 
.1 
.1 


Oasfoond 
conrespond- 
ing  to  COi 
produced. 


Percent. 
8.3 
8.4 
8.4 
8.6 
8.4 
8.1 
6.4 
8.1 


•  Tour.  CbfBBL  Soo.  (Loodoa),  vol.  94, 1893,  p.  267.        b  Jour.  Soc  Chem.  Ind.,  voL  U,  1808»  p.  801. 
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These  figures  reveal  several  interesting  facts.  Theoretically  those 
mixtures  containing  8.6  per  cent  gas  should  undergo  complete  combus- 
tion with  the  consumption  of  all  the  oxygen  present  and  with  the 
production  of  an  equivalent  quantity  of  carbon  dioxide.  In  samples 
1;  2,  3,  and  4  the  quantity  of  carbon  dioxide  obtained  did  not  exactly 
correspond  to  complete  combustion  of  the  gas,  but  it  will  be  noted 
that  a  small  percentage  of  oxygen  was  detected.  The  carbon  dioxide 
equivalent  of  this  oxygen  plus  the  quantity  of  carbon  dioxide  pro- 
duced gives  a  result  equal  to  the  quantity  of  gas  taken,  indicating 
that  the  analyses  in  total  paraffins  of  the  natural  gas  as  cited  are  close 
to  the  truth. 

In  samples  5,  6,  7,  and  8  not  enough  oxygen  was  present  for  com- 
plete combustion  of  the  gas,  that  is,  the  proper  ratio  of  gas  to  air 
(1 :  11.6)  was  exceeded.  Even  in  samples  9,  10,  11,  and  12,  where  a 
considerable  percentage  of  carbon  monoxide  was  produced,  a  meas- 
uarble  quantity  of  oxygen  could  be  detected. 

The  experiments  are  of  further  interest  in  showing  the  large  quantity 
of  carbon  monoxide  produced  when  an  insufficient  supply  of  oxygen 
was  present.  Undoubtedly  carbon  monoxide  was  formed  in  the 
combustion  of  samples  6,  6,  7,  and  8,  but  in  quantities  too  small  for 
quantitative  measurement  by  the  means  employed.  Subsequently 
another  mixture  corresponding  to  sample  6  was  prepared  and  exploded 
and  carbon  monoxide  was  detected  by  means  of  the  blood  reaction. 
In  the  analyses  of  samples  11  and  12,  the  gases  left  after  com- 
bustion were  passed  through  fuming  sulphuric  acid  in  order  to  see 
if  any  acetylene  or  other  intermediate  products  of  reaction  were 
present,  but  none  was  detected. 

Because  of  some  difference  of  opinion  regarding  the  products 
formed  by  the  incomplete  combustion  of  methane,  experiments  were 
performed  in  which  mixtures  of  methane  and  air  were  exploded  in  a 
Hempel  explosion  pipette  with  not  enough  oxygen  for  the  complete 
combustion  of  the  methane,  as  follows: 

EXPERDCEKT  NO.  1. 

Original  mixture:  9.90  volumes  of  CH4  +  88.84  volumee  of  air  —10.03  per  cent  CH4. 
Ck>ntiaction  due  to  exploaionsl7.39  volumee. 
Volume  of  products  found  after  combustion: 

Volumes. 

CO, 8.27 

CO 1.73 

Hj 1.13 

N, 70.22 

Oj None. 

CH4 None. 

CSjH^ None. 

CA None. 

81.35 


/ 
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BXPKBIMRWT  KO.  2. 

Original  mixtim,  10.83  fotmiMoi  GH*4*  Sd-OO  yuAxmmmal  six,  «UK9t  par  otnt  CH«. 

Contraction  due  to  oxplosioa*"  16.20  volunie. 

Volume  of  products  found  after  comburtjan*  VQlmnM. 

CO3 6.80 

CO 3.75 

Ha 3.07 

Nj 70.00 

Oa Nooe. 

CH4 None. 

CaH4 None. 

CaHa None. 

83.62 

Inspection  of  the  above  retultft  diows  that  no  metiiane  remained 
unbumed ;  that  all  of  the  carbon  of  th»  methane  oxidized  either  to 
carbon  dioxide  or  to  carbon  monoxide,  and  that  part  of  the  hydrc^en 
burned,  leaving  the  remainder  free  in  the  residual  gas. 

Four  references  relative  to  the  lormatioa  of  carbon  monoxide  are 
used  by  R.  T.  Chamberlin.^    They  are  substantially  as  foUoim: 

1.  The  French  fire-damp  commissioa  says  that  a  mixture  of  methane 
and  air  containing  12  per  cent  of  methane  produces  3.9  per  eeoi  of 
carbon  monoxide  upon  explosion. 

2.  Broockman  states  that  the  explosion  of  fire  damp  produces  no 
carbon  monoxide. 

3.  Heise  and  Herbst  state  that  the  elements  carbon  and  hydrogen  as 
combined  in  methane,  never  become  separated  except  when  sufficient 
oxygen  is  present  for  the  complete  oxidation  of  the  two  dements. 

4.  Beard,  quoting  Thomas,  states  that  carbon  monoxide  forms  as 
the  result  of  the  explosion  of  fire  damp  when  the  proportion  of 
methane  is  increased  above  that  in  the  most  eczplosive  mixture  (9.57 
per  cent  methane  and  90.43  per  cent  air). 

The  results  shown  in  the  above  table  substantiate  the  conclusions 
of  the  French  fire-damp  commission  and  of  Thomas,  but  contradict 
the  findings  of  Heise  and  Ilerbst  and  of  Broockman. 

SBNSrrZVBNBSS  OF  QAS-AIB  XXXTDBBS  TO  BZPLOSIOH. 

An  important  factor  in  testing  explosives  for  use  in  coal  mines  is 
the  formation  of  that  mixture  of  natural  gas  and  air  which  is  most 
sensitive  to  explosion. 

H.  Couriot  says  ^  that  the  most  sensitive  mixture  of  methane  and 
air  contains  9.5  per  cent  methane  and  90.5  per  cent  air;  in  other 
words,  the  most  sensitive  mixture  of  methane  and  air  is  that  in  which 
the  maximum  quantity  of  methane  undergoes  complete  combustion. 

•  EscpIoslTe  mine  gases  and  dusts,  U.  8.  Q«ol.  Smrey  BoU.  No.  883, 1900,  pp.  11, 12. 
h  Compt  rend.,  toI.  126^  1806,  pp.  7fi»-7fiS. 
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F.  Emich  states^  that  the  sensitiveness  of  the  mixture  may  be 
determined  by  igniting  the  mixture  when  it  is  flowing  slowly  in  a  thin 
layer  between  two  glass  plates  so  arranged  that  the  distance  between 
them  can  be  varied  by  measured  amounts.  Each  plate  has  a  platinum 
wire  sealed  in  it,  the  terminal  of  the  wire  being  flush  with  the  inner  side 
of  the  plate  and  exactly  opposite  the  terminal  in  the  other  plate. 
He  calb  that  mixture  the  most  sensitive  which  requires  the  smallest 
spark  for  ignition.  In  other  words,  inflammability  is  inversely 
proportional  to  the  length  of  the  spark  required  for  ignition.  He 
found  that  inflammabiUty  is  nearly  proportional  to  pressure,  and  that 
a  change  in  temperature  had  little  effect  on  the  point  of  ignition. 
In  the  case  of  a  mixture  of  hydrogen  and  oxygen,  an  increase  from 
ordinary  atmospheric  temperature  to  380^  C.  increased  the  inflam- 
mability of  the  mixture  by  only  one-fourth. 

The  most  inflanmiable  mixtures  of  hydrogen,  methane,  and  carbon 
monoxide  with  oxygen  that  were  obtained  by  Emich  were  as  follows: 

One  volume  of  hydrogen  and  one  volume  of  oxygen. 

One  volume  of  methsme  and  three  volumes  of  oxygen. 

Two  volumes  of  carbon  monoxide  and  one  volume  of  oxygen  (moist). 

A  device  similar  to  that  used  by  Emich  was  tried  at  Pittsburgh  for 
determining  the  most  sensitive  mixture  of  natural  gas  and  air.  The 
results  showed  that  the  most  sensitive  mixture  contained  between 
8.5  and  9  per  cent  of  gas.  An  8.5  per  cent  mixture  ignited  as  readily 
as  a  mixture  containing  9  per  cent  of  gas;  in  other  words  the  mixture 
of  gas  and  air  that  is  most  sensitive  to  ignition  is  about  the  same  of 
that  which  is  most  violently  explosive. 

SUMHABY. 

The  results  of  this  investigation  may  be  summarized  as  follows: 

1.  The  natural  gas  used  at  Pittsburgh  varies  so  little  in  composition 
throughout  the  year  that  for  the  purpose  to  which  the  gas  is  put  at 
the  testing  station  the  variation  may  be  considered  negligible. 

2.  The  chemical  and  explosive  reactions  of  a  mixture  of  this 
natural  gas  and  air  are  Uke  those  of  fire  damp ;  consequently,  tests  of 
explosives  in  the  presence  of  such  a  mixture  give  a  good  indication 
of  the  probable  result  of  using  the  explosives  in  the  presence  of 
fire  damp. 

3.  A  mixture  of  this  natural  gas  and  air  appears  to  be  better  suited 
for  use  in  testing  explosives  than  mixtures  of  acetylene  and  air,  and 
coal  gas  and  air,  or  a  mixture  of  methane  with  such  gases  as  hydrogen 
or  carbon  monoxide. 

a  Konatachr.  (flr  Cbem.,  vol.  19, 1808,  pp.  299-320;  and  vol.  21, 1900,  pp.  1061-1078. 
2406**— Bull.  15—12 6 


CHAPTER  IV. 

APPARATUS   AND   METHODS  FOR  PHYSICAIi  TESTS  OF 

EXPIiOSIVES. 

By  Gi«ASBNCE  Hall. 


PHYSICAL  BXAMINATIOir. 

At  the  Pittsburgh  testing  station  a  physical  examination  is  made  of 
all  explosives  submitted  for  official  tests.  This  examination  includes 
the  determination  of  the  average  diameter,  length,  and  weight  of  the 
cartridge,  whether  or  not  the  cartridge  has  been  redipped,  the  apparent 
specific  gravity  of  the  cartridge  as  determined  by  sand,  and  the  color 
and  consistency  of  the  explosive. 

The  apparent  specific  gravity  of  the  cartridge  as  determined  by 
sand  is  an  important  item,  because  it  enters  directly  into  the  formula 
for  determining  the  maximum  pressure  of  the  explosive  in  own  vol- 
ume (in  a  space  equivalent  to  that  occupied  by  the  explosive) ;  it 
is  also  of  importance  in  preparing  chaises  for  tests,  because  the 
effort  is  made  to  keep  the  specific  gravity  of  the  explosive  the  same 
in  all  tests.  The  salient  feature  in  the  determination  of  apparent 
specific  gravity  by  sand  is  the  method  employed  to  determine  the 
volume  of  the  cartridge.  The  same  form  of  computation  is  neces- 
sary that  is  used  m  determining  specific  gravity  by  water,  except  that 
the  weight  of  the  sand  displaced  by  the  cartridge  is  divided  by  the 
density  of  the  sand  to  determine  the  volume  of  the  cartridge. 

This  method  was  devised  to  overcome  two  obstacles:  (1)  The  im- 
practicabiUty  of  determining  the  volume  of  a  cartridge  by  measure- 
ment because  of  irregularities  in  form,  and  (2)  the  impossibility  of 
using  water  in  determining  volume  because  of  the  absorption  of  water 
by  the  explosive. 

The  color  of  the  explosive  is  determined  by  comparison  with  the 
48  typical  colors  printed  in  the  Standard  Dictionary  under  the  word 
"spectrum.^' 

In  this  bulletin  the  consistency  of  the  explosives  tested,  if  given, 
is  reported  according  to  two  classifications.  The  older  scheme  gave 
the  structure  as  granular,  fibrous,  or  powdered,  and  the  cohesiveness 
as  very  cohesive,  moderately  cohesive,  slightly  cohesive,  and  not  co- 
hesive. More  recently,  however,  the  classification  of  explosives  with 
respect  to  their  structure,  etc.,  has  been  elaborated,  and  all  explo- 
sives are  now  classified  with  regard  to  the  following  characteristics, 
as  shown  herewith: 
78 
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1.  Granulation:  Structure — (a)  granular^  G>)  fibrous,  (c)  pow- 
dered; size — (a)  very  fine,  (b)  fine,  (c)  coarse,  (d)  very  coarse. 

2.  LiqiddDLees:  (a)  Very  wet,  (b)  wet,  (c)  dry,  (d)  very  dry. 

3.  Hardness:  (a)  Very  hard,  (b)  hard,  (c)  soft,  (d)  very  soft. 

4.  Cohesivenees:  (a)  Very  cohesive,  0>)  moderately  cohesive,  (c) 
slightly  cohesive,  (d)  not  cohesive. 

THE  BALLISTIC  PENBXTLUX. 

The  ballistic  pendulum,  illustrated  in  Plate  I,  J3,  is  used  to  deter- 
mine the  relative  weights  of  different  explosives  that,  when  fired,  will 
produce  equal  deflections  of  the  pendulum.  Obviously,  the  ballistic 
test  is  purely  comparative,  and  a  standard  explosive  with  which  to 
make  comparisons  must  be  determined  upon.  The  standard  ex- 
plosive selected  for  this  purpose  is  a  dynamite  having  the  following 
composition:  Nitroglycerin,  40  per  cent;  sodiiun  nitrate,  44  per  cent; 
wood  pulp,  15  per  cent;  calcium  carbonate,  1  per  cent. 

The  quantity  of  this  dynamite  taken  to  make  up  the  standard 
charge  is  one-half  pound  (227  grams).  It  is  loaded  in  a  prescribed 
manner,  which  is  described  later,  and  is  fired  with  a  No.  6  electric 
detonator. 

The  ballistic  apparatus  consists  of  two  essential  parts — the  cannon 
in  which  the  charge  is  fired,  and  the  pendulum  which  receives  the  im- 
pact of  the  products  of  explosion  and  of  the  stenuning. 

The  quantity  of  stemming  used  is  always  1  pound,  except  for  slow- 
burning  explosives,  for  which  2  pounds  are  used. 

The  cannon  is  identical  in  form,  dimensions,  and  construction  with 
those  used  in  gas  and  dust  gallery  No.  1  and  with  that  used  in  making 
the  flame  tests.  It  is  fastened  by  straps  and  rods  to  a  four-wheeled 
truck,  which  nms  on  a  30-inch  (76.2-centimeter)  gage  track.  Be- 
hind the  truck  and  9  feet  from  the  face  of  the  mortar  that  consti- 
tutes the  pendulum  is  a  backstop  or  bumper.  The  cannon  is  care- 
fully placed  so  that  the  axis  of  its  bore  is  in  line  with  that  of  the 
mortar. 

The  pendulum  consists  of  a  12.2-inch  (30.9-centimeter)  United 
States  Army  mortar,  weighing  31,600  pounds  (14,333  kilos),  which 
was  supplied  by  the  Bureau  of  Ordnance  of  the  War  Department. 
The  mortar  rests  in  a  stirrup  made  of  two  machine-steel  rods  1^ 
inches  (3.8  centimeters)  in  diameter,  each  bent  into  a  U  shape.  The 
ends  of  each  of  these  rods  are  passed  through  two  cast-steel  saddles, 
which  fit  over  a  steel  supporting  beam.  The  supporting  beam  is  8 
by  4  inches  (20.3  by  10.2  centimeters)  in  section  and  87  inches  (221 
centimeters)  long.  This  beam  is  provided  with  two  nickel-steel  (3 
per  cent  nickel)  knife-edges,  whidi  are  countersunk  into  its  lower 
face  near  each  end.  (See  fig.  1.)  The  knife-edges  rest  on  bearing 
plates  measuring  2  by  8  by  10  inches  (5.08  by  20.3  by  25.4  centimeters) 
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and  provided  with  small  grooves  to  keep  the  knife  edges  covered  with 
oil  and  protected  from  the  weather.  The  bearing  plates  rest  on  base 
plates  measuring  1  inch  by  17  inches  (2.54  by  43.2  centimeters)  in 
section  and  48  inches  (121.9  centimeters)  long,  which  are  anchored 
by  f-inch  (1.59-centimeter)  bolts,  28  inches  (71.1  centimeters)  long,  to 
the  concrete  piers  between  which  the  mortar  swings. 

The  two  concrete  piers  are  each  51  by  120  inches  (130  by  305  centi- 
meters) at  their  bases,  and  139  inches  (353  centimeters)  high.  The 
inside  walls  of  these  piers  are  vertical,  and  the  clearance  between 
them  is  60  inches  (152  centinieters).  The  outside  walls^taper  so  that 
the  piers  are  only  17  inches  (43.2  centimeters)  thick  at  the  top.  On 
one  of  the  piers  is  a  coupling  box  by  means  of  which  the  electric  cir- 
cuit for  firing  the  charges  is  completed. 

The  extent  to  which  the  mortar  is  deflected  when  the  cannon  is 
discharged  into  it  is  measured  by  an  automatic  recording  device. 

_^_^__^_^  This    consists 

^^^ —  of  a  graduated 

scale  with  an 
index  and  ver- 
nier which  are 
set  on  a  steel 
base  fastened 
to  a  concrete 
footing  back  of 
the  mortar. 
The  movable 
parts  are  actu- 
ated by  a  con- 
tact rod,  set  in 
guides,  which 
bears  against  a  stud  bolt  in  the  bottom  of  the  mortar  directly 
below  its  center  of  gravity.  The  radius  of  swing  of  the  mortar  pen- 
duliun  measured  from  the  knife-edges  to  the  hasp  of  the  stud  bolt  is 
114^  inches  (291  centimeters).  The  radius  of  swing  measured  from 
the  knife-edges  to  the  center  of  the  trunnions  of  the  mortar  is  89f 
inches  (228  centuneters).  The  scale,  with  its  index  and  vernier,  is 
detachable,  and  when  not  in  use  is  carefully  stored  to  protect  it 
against  the  weather.  The  recording  device  measures  the  swing  of 
the  pendulum  to  within  0.01  inch  (0.254  millimeter). 

METHOD  OF  CONDUCTING  TEST. 

The  cannon  is  loaded  with  a  carefully-weighed  charge  in  which 
an  electric  detonator  of  the  strength  required  by  the  character  of 
the  explosive  has  been  inserted.    After  the  charge  is  tamped,  the 
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cannon  is  rolled  up  within  -^  inch  (1.59  millimeters)  of  the  muzzle 
of  the  mortar.  This  distance  is  fixed  by  stops  on  the  track  which 
meet  the  front  wheels  of  the  truck  canying  the  cannon.  The  legs 
of  the  electric  detonator  or  igniter  are  then  connected  to  the  electric 
firing  line,  and  when  all  is  secure  the  man  in  charge  of  the  loading 
inserts  a  safety  plug  (which  he  has  until  then  carried,  and  without 
which  the  charge  can  not  be  exploded)  in  its  proper  place  in  the 
coupling  box,  retires  a  safe  distance  to  where  the  firing  machine  is 
located,  and  explodes  the  charge. 

The  loading  and  tamping  are  done  with  tamping  sticks  of  uniform 
pattern,  and  care  is  taken  to  use  as  imiform  pressure  as  possible. 
The  stemming  is  dry  clay.  As  already  stated,  1  pound  (0.45  kilo.) 
is  used  for  detonating  explosives  and  2  pounds  (0.91  kilo.)  for  ex- 
plosives like  gunpowder  that  require  a  greater  degree  of  confinement 
in  order  that  they  may  produce  their  maximum  effect.  The  method 
of  charging  and  tamping  used  here  is  followed  in  chaiging  and  tamp- 
ing the  explosives  used  in  the  other  tests  made  at  the  Pittsburgh 
testing  station,  when  stemming  is  used. 

The  deflection  produced  by  exploding  equal  weights  of  the  standard 
dynamite  varies  slightly,  even  though  the  charges  are  tamped  in  the 
cannon  with  the  same  pressure,  stemmed  with  the  same  weight  of 
fire  clay,  and  fired  by'  the  same  grade  of  detonator.  Several  factors 
produce  this  variation.  One  is  the  position  of  the  knife  edges  sup- 
porting the  pendulum  mortar,  and  to  eliminate  as  nearly  as  possible 
the  variation  from  this  source  the  knife  edges  are  trammeled  before 
each  trial.  Other  factors  effecting  the  deflection  are  the  direction 
and  velocity  of  the  wind,  the  condition  of  the  bore  hole  in  the  can- 
non, and  variations  in  the  condition  of  the  charge  due  to  slight  and 
unavoidable  differences  in  the  pressure  used  in  loading  and  tamping. 
No  one  of  these  factors  can  be  absolutely  eliminated,  but  to  reduce 
their  effect  to  a  minimum  the  explosive  under  examination  is  tested 
directly  against  the  standard  dynamite,  both  being  handled  and 
charged  by  the  same  person  and  the  tests  conducted  on  the  same  day 
and  as  nearly  as  possible  under  the  same  conditions.  This  pro- 
cedure tends  to  eliminate  the  personal  equation,  through  its  effects 
becoming  nearly  uniform,  and  to  minimize  the  variation  produced 
by  the  wind,  since  the  latter  is  fairly  uniform  during  the  period  of 
test.  The  effect  produced  by  variation  in  the  condition  of  the  bore 
hole  is  the  most  difficult  factor  to  eliminate. 

In  detail,  the  procedure  adopted  in  making  a  test  is  as  follows : 

Three  trials  of  one-half  pound  (227  grams)  charges  of  the  standard 
dynamite  are  made  and  the  average  swing  noted.  Tentative  trials 
of  the  explosive  under  test  are  then  made  until  the  charge  gives  a 
swing  approximately  that  of  the  average  swing  produced  by  the 
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standard  dynamite.  This  result  is  then  confirmed  by  three  trial 
rounds  of  the  explosive  under  test.  If  the  average  swing  from  these 
three  roimds  is  within  0.2  inch  (0.5  centimeter)  of  the  average  swing 
produced  by  the  standard  dynamite  and  if  the  three  swings  do  not 
vary  more  than  5  per  cent,  the  test  is  accepted  as  satisfactory. 

The  "unit  deflective  charge"  of  the  explosive  under  test,  or,  in 
other  words,  the  weight  of  the  explosive  which  will  produce  a  swing 
exactly  equal  to  that  effected  by  the  standard  charge  is  then  found 
by  the  following  equation: 

The  average  swing  produced  by  the  exploeive  under  test  :  the  average  swing  effected 
by  the  standard  dynamite  =  the  actual  weight  of  the  explosive  under  test : 
the  unit  deflective  charge. 

The  unit  deflective  charge  thus  determined  is  the  unit  charge 
used  in  tests  1,  2,  and  3  in  gas  and  dust  gallery  No.  1. 

QAS  AND  DUST  QAIXBBT  NO.  1. 

Gas  and  dust  gallery  No.  1  (Pis.  LI,  and  II)  is  designed  for  the 
purpose  of  ascertaining  the  effects  of  explosives  when  fired  under 
known  conditions  into  explosive  mixtures  of  mine  gas  and  air,  of 
coal  dust  and  air,  or  of  mine  gas,  coal  dust,  and  air.  A  further  piu*- 
pose  is  the  ascertaining  of  the  extent  to  which  water  vapor,  incom- 
bustible dusts,  or  other  substances  may  diminish  the  inflammability 
of  such  mixtures,  or  may  delay  or  prevent  the  propagation  of  ex- 
plosions within  them.  Other  logical  uses  of  such  a  gallery  will  be 
apparent. 

The  gallery  simulates  a  galleiy  or  room  within  a  coal  mine,  and  the 
gun  chamber  in  which  the  explosives  are  fired  simulates  a  bore  hole 
in  the  coal  or  rock  of  such  a  mine. 

The  gallery  is  a  cylinder  100  feet  (30.48  meters)  in  length,  with  a 
minimum  diameter  of  6 J  feet  (1.93  meters),  and  is  closed  at  one  end 
by  a  concrete  head.  It  is  built  of  boiler-plate  steel  in  five  divisions, 
each  consisting  of  three  smiliar  sections.  Each  section  is  6}  feet 
(2.03  meters)  long,  and  is  built  up  of  in-and-out  courses. 

The  different  sections  of  the  gallery  are,  for  convenience,  num- 
bered consecutively  from  1  to  15,  beginning  with  the  section  nearest 
the  concrete  head.  Sections  1,  2,  and  3  are  made  of  ^-inch  (1.27- 
centimeter)  steel  plates;  sections  4  to  15  inclusive  are  made  of  f-inch 
(0.95-centimeter)  steel  plates.  The  tensile  strength  of  the  steel  used 
is  not  less  than  55,000  pounds  per  square  inch  (3,867  kilograms 
per  square  centimeter).  The  tubes  forming  each  section  are  held 
together  by  lap  joints.  On  the  interior  of  the  gallery  there  is  at  each 
lap  joint  a  2J-inch  (6.4-centimeter)  circular  angle  iron,  forming  a 
ring  around  the  galleiy.  By  means  of  semicircular  washers,  studs 
and  wedges,  a  paper  diaphragm  may  be  so  secured  to  these  angle 
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irons  as  to  partition  off  any  portion  of  the  gallery  that  may  be  de> 
sired,  thus  forming  a  closed  space,  of  any  desired  volume  within  the 
capacity  of  the  gallery,  in  which  to  inclose  the  mixture  of  gas  and 
air,  of  coal  dust  and  ab",  or  of  gas,  coal  dust,  and  air. 

Each  section  of  the  gaUeiy  is  provided  with  a  release-pressure 
door  (fig.  2),  which  is  placed  centrally  on  top  of  the  section.  These 
doors  not  only  provide  a  vent  by  which  the  gases  may  immediately 
escape  after  an  explosion  and  act  as  safety  valvee  to  prevent  the 
destruction  of  the  ^lleiy,  but  they  also  ^ord  an  approximate  means 
of  estimating  the  pressure  developed  within  the  gallery.  Each  door 
when  closed  reets  upon  a  rubber  gasket,  and  is  provided  on  its  back 


FiooKl  1.— DtUllj  at  rtleiM  fnaaan  ioor,  wtodoir,  Mctlon  ol  joint  of  alidl,  etc.,  of  gu  and  dust 
gallery  No.  I. 

with  a  rubber  bumper  to  preTcot  its  destruction  when  thrown  open 
violently.  In  using  the  gallery  each  door  may  be  left  open,  may  be 
closed  and  left  unfastened,  or  may  be  closed  and  fastened  by  meana 
of  stud  bolts,  as  seems  most  suitable  under  the  conditions  of  the 
experiment  being  made. 

Each  section  of  the  gallery  is  provided  with  a  plate-^ass  window 
I  inch  (19  millimeters)  in  ttdckness  and  5}  inches  (14.9  centimeters) 
square.  By  means  of  these  windows  the  progress  of  any  flame  pro- 
duced in  the  gallery  may  be  easily  noted.  An  indicator  cock,  tapped 
into  the  central  section  of  each  division,  provides  an  opening  through 
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which  samples  of  the  gas-air  mixture^  with  which  the  gallery  is 
charged;  may  be  drawn  for  analysis. 

The  gallery  rests  on  a  reenforced  concrete  foundation  which  is  10 
feet  (3.05  meters)  wide  and  2  feet  (0.61  meter)  thick  at  the  center, 
but  it  is  carried  up  4J  feet  (1.37  meters)  on  the  sides  of  the  gallery 
where  it  is  finished  off  with  a  coping.  A  narrow  gutter  cut  in  the  con- 
crete extends  under  the  gallery  for  its  entire  length  and,  in  connection 
with  1-inch  (2.54-centimeter)  holes  opening  into  it  from  each  section 
of  the  gallery,  insures  an  effective  means  of  drainage.  These  holes 
are  closed  by  plugs  when  the  gallery  is  iu  use. 

Sections  1,  2,  and  3  are  covered  with  an  insulating  jacket  to  assist 
in  maintaining  at  constant  temperature  any  gas-air  mixture  within 
the  gallery.  This  jacket  is  made  up  of  magnesia-asbestos  blocks, 
asbestos  cement,  a  layer  of  6-ounce  duck,  and  strips  of  waterproof 
roofing  paper.  The  jacket  as  a  whole  is  treated  with  a  thick  coat 
of  graphite  paiut. 

The  explosives  are  fired  in  a  cannon  which  is  embedded  in  the 
concrete  head  of  the  gallery  in  such  a  maimer  that  the  axis  of  its 
bore  coincides  with  the  longitudinal  axis  of  the  gallery.  The  cannons 
used  are  cylinders  24  inches  (61  centimeters)  in  diameter  by  36 
inches  (91.4  centimeters)  long,  and  they  each  have  a  bore  hole  2i 
inches  (5.72  centimeters)  in  diameter  and  21^  inches  (54.6  centi- 
meters) deep.  In  constructing  them,  various  methods  and  materials 
have  been  used  in  an  endeavor  to  make  a  cannon  which  would  best 
resist  the  shattering  and  erosive  effects  of  the  explosions.  The  sim- 
plest cannon  was  made  in  one  piece  by  boring  out  a  low-carbon  or 
nickel-steel  forging  to  form  a  chamber  or  bore  hole  of  the  desired 
size.  In  another  form  of  construction,  illustrated  in  figure  3,  the 
cannon  consists  of  a  cast-steel  jacket  surrounding  a  chambered  liner 
of  forged  nickel-steel.  The  nickel  steel  used  in  these  liners  contains 
from  1.5  to  3.5  per  cent  of  nickel. 

In  a  built-up  cannon  the  jacket  is  a  hollow  cylinder,  36  inches  (91.4 
centimeters)  long,  24  inches  (61  centimeters)  in  external  diameter, 
9i  inches  (24.1  centimeters)  in  internal  diameter  for  a  distance  of 
28i  inches  (71.8  centimeters)  from  one  end,  and  7^  inches  (19  centi- 
meters) in  internal  diameter  for  the  remainder  of  its  length.  The 
liner  is  made  to  fit  the  hole  in  the  jacket,  but  it  is  36|  inches  (93.3 
centimeters)  long,  and  when  the  parts  are  assembled  its  smaUer  end 
extends  three-fourths  of  an  inch  (1.9  centimeters)  beyond  the  jacket. 

In  assembling  these  built-up  cannons,  the  jackets  are  shrunk  onto 
the  liners. 

The  concrete  head,  which  completely  closes  one  end  of  the  gallery, 
is  11  feet  (3.35  meters)  high,  12  feet  (3.66  meters)  wide,  and  8  feet 
(2.44  meters)  long.  The  iron  shell  of  the  gallery  is  embedded  3 
inches  (7.6  centimeters)  in  the  concrete  head  and  is  tied  to  it  by 
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means  of  eight  barbed  anchor  bolts  each  8  feet  (2.44  meters)  long 
and  §  inch  (15.9  millimeters)  in  diameter,  running  from  angle  irons 
riveted  to  the  shell. 

The  concrete  head  is  reinforced  by  many  pieces  of  scrap  iron,  but 
especially  by  four  6-inch  (15.2  centimeter)  I  beams  each  lOJ  feet 
(3.15  meters)  long,  placed  two  on  each  side  of  the  head  and  flush 
with  the  sides.  These  I  beams  are  joined  in  pairs  by  |-inch  (9.5- 
millimeter)  rods;  each  pair  by  two  rods. 

The  cannon  has  its  muzzle  flush  with  that  face  of  the  concrete  head 
which  closes  the  end  of  the  gallery.  Directly  back  of  the  cannon  there 
are  seven  cyUndrical  rubber  bumpers,  each  6  inches  (15.2  centimeters) 
in  diameter  and  3  inches  (7.6  centimeters)  thick.  These  rubber  bump- 
ers are  fastened  to  and  held  in  place  by  24  by  24  by  12  inch  (61  by 
61  by  30.5  centimeter)  oak  blocks,  which  are,  of  course,  embedded 
in  the  concrete  head. 

Natural  gas  ^  is  used  iii  making  the  gas-air  mixtures  for  the  gallery. 
The  gas  is  admitted  into  the  first  division  of  the  gallery  by  means  of  a 
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2-inch  (5.1-centimeter)  pipe,  14  feet  (4.27  meters)  long,  which  is 
placed  parallel  to  and  within  2J  inches  (6.4  centimeters)  of  the  floor 
of  the  gallery.  This  pipe  is  provided  with  perforations  of  such  dimen- 
sions and  so  placed  that  an  equal  flow  of  gas  is  maintained  through- 
out each  unit  length  of  the  pipe.  The  gas,  as  it  enters  the  gallery,  is 
measured  by  means  of  an  accurate  test  meter  which  can  be  read  to 
0.05  cubic  foot  (0.0014  cubic  meter). 

The  mixing  of  the  air  and  gas  is  effected  by  circulating  systems 
which  are  largely  exterior  to  the  gallery.  The  chief  feature  in  each 
system  is  a  No.  3  Sturtevant  Monogram  right-handed  exhauster, 
with  bottom  horizontal  discharge,  operated  by  a  direct-connected 
direct-current  motor,  having  both  bearings  on  one  side  of  the 
exhauster  and  not  exposed  to  the  action  of  the  gas.  The  exhauster 
case  is  rendered  gas  tight  by  a  stuffing  box  through  which  the  shaft 
passes.     The  case  and  flanges  are  of  extra  thickness.     The  circulat- 

o  Tor  analysis  of  the  natural  gas  nsed  at  the  Plttsborgh  station,  see  p.  66. 
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ing  system  for  the  first  division  of  the  gallery  is  stationary  and 
includes  steam-heating  coils  by  means  of  which  the  gas-air  mixtures 
may  be  heated  so  as  to  maintain  a  constant  temperature  within  the 
gallery.  These  steam-heating  coils  are  so  connected  that  they  may  be 
cut  off  from  the  circulating  system  at  will  by  means  of  a  by-pass  into 
which  the  current  of  gas  and  air  may  be  deflected  by  means  of  valves. 

Each  division  of  the  gallery  except  the  first  is  served  by  a  common 
circulating  system  which  is  mounted  on  a  truck  so  that  it  may  be 
moved  from  point  to  point  as  desired.  Each  circulating  system  is 
provided  with  two  6-inch  (15.2-centimeter)  three-way  iron  stop  cocks 
by  means  of  which  they  may  be  cut  off  from  the  gallery  to  protect 
the  exhauster  from  damage  when  an  explosion  takes  place. 

The  interior  of  the  gallery  is  provided  with  shelves  made  of  f-inch 
(9.5-milUmeter)  steel  on  which  to  place  coal  dust.  Four  of  these 
shelves  are  placed^  one  above  the  other  and  8  inches  apart,  on  each 
side  of  the  gallery,  to  which  they  are  attached  by  means  of  brackets 
or  studs.  The  shelves  are  each  20  feet  (6.1  meters)  long  by  4 
inches  (10.2  centimeters)  wide,  and  they  extend  in  sections  of 
the  length  given,  throughout  the  gallery.  In  addition  to  these 
shelves  a  wooden  bench  or  trestle  is  used  for  supporting  coal  dust  in 
the  first  section  of  the  gallery.  The  top  of  this  bench  is  20  feet  (6.1 
meters)  long  and  12  inches  (30.5  centimeters)  wide,  and  the  height 
of  the  bench  is  such  that  its  top  is  9  inches  (22.9  centimeters)  below 
the  axial  line  of  the  cannon  and  gallery.  When  used  the  bench  is 
placed  parallel  to  the  sides  of  the  gallery. 

The  coal  dust  used  is  groimd  to  pass  a  100-mesh  screen  by  means 
of  a  cylindrical  cast-iron  Abbe  pebble  mill,  whose  interior  is  26  inches 
(66.0  centimeters)  in  diameter  and  24  inches  (61.0  centimeters)  in 
length.  The  mill  turns  on  its  horizontal  axis  at  the  rate  of  60  revolu- 
tions per  minute.  It  is  provided  with  a  7  by  9 J  inch  (17.8  by  24.1 
centimeter)  opening  in  the  side  of  the  cylinder  by  which  the  mill  may 
be  charged  or  emptied.  This  opening  is  provided  with  two  covers, 
one  of  which  is  solid  and  the  other  perforated  with  J-inch  (12.7-inilU- 
meter)  holes,  the  latter  being  used  to  retain  the  pebbles  while  the 
coal  dust  is  being  emptied  out  of  the  mill.  This  dust  is  dumped  into  a 
hopper,  which  completely  incloses  the  cylinder  of  the  mill.  Prom 
this  hopper  the  dust  is  transferred  to  galvanized-iron  cans  in  which 
it  is  stored  until  used.  When  coal  is  to  be  ground  it  is  first  broken 
by  hand  into  small  pieces,  and  60  pounds  (27.2  kilos)  of  these 
fragments  are  put  into  the  pebble  mill.  The  mill  is  started  and 
the  grinding  is  continued  for  three  and  one-half  hours,  when  the 
product  is  sifted  by  means  of  a  100-mesh  screen. 

In  order  that  quantitative  tests  may  be  made  of  the  effect  of  mois- 
ture in  preventing  the  ignition  of  coal  dust  or  the  preparation  of 
explosions  in  mixtures  of  coal  dust  and  air,  the  gallery  is  equipped 
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with  a  humidifying  apparatus  by  which  steam  or  water  spray  may  be 
injected  into  the  gallery  so  as  to  bring  its  atmosphere  at  a  given 
tonperature  to  the  desired  d^ree  of  humidity.  For  this  purpose  a 
Koerting  exhauster,  having  a  capacity  of  240,000  cubic  feet  (6,797 
cubic  meters)  of  free  air  per  hour,  is  connected  by  means  of  a  wooden 
conduit  to  the  14-inch  (35.56-centimeter)  circular  doorway  in  section 
No.  1.  The  similar  doorway  in  section  No.  15  is  used  as  an  air  inlet, 
and  it  is  connected  by  suitable  wooden  conduits  to  compartments 
containing  the  steam  radiators  and  the  humidifier.  These  radiators 
have  310  square  feet  (28.81  square  meters)  of  heating  surface.  The 
wooden  box  in  which  they  are  inclosed  is  provided  with  one  10  by  12 
inch  (25.4  by  30.5  centimeter)  hole  and  with  25  round  holes  2  inches 
(5.1  centimeters)  in  diameter,  through  which  air  enters  the  box,  and 
a  wooden  baffle-board,  which  directs  the  course  of  the  air  about  the 
radiators.  The  heated  air  then  passes  upward  to  the  long,  narrow 
compartment  containing  the  humidifying  heads,  from  which  water  is 
sprayed  by  means  of  compressed  air  and  when  thus  moistened  the 
air  passes  through  the  opening  in  section  No.  15  into  the  gallery. 
Obviously,  to  operate  the  humidifying  apparatus  the  mouth  of  the 
galleiy  must  be  closed.  For  this  purpose,  brattice  cloth  and  paper 
diaphragms  are  used. 

Ten  humidifying  heads  are  placed  in  the  compartment,  five  being 
arranged  on  either  side,  and  they  are  so  installed  that  any  or  all  may 
be  used  as  desired.  They  are  fed  from  a  water  tank,  the  bottom  of 
whose  overflow  orifice  is  H  inches  (3.8  centimeters)  below  the  dis- 
charge point  of  the  head.  Compressed  air  at  a  pressure  of  from  55 
to  65  pounds  per  square  inch  (3.87  to  4.57  kilograms  per  square 
centimeter)  enters  the  box  by  means  of  a  ^-inch  (1.27-centimeter) 
pipe.  Under  these  conditions  each  humidifying  head  will  deliver  30 
poimds  (13  ;6  kilograms)  of  water  per  hour. 

As  the  blast  from  the  gallery  when  the  explosive  mixtures  are  fired 
is  veiy  destructive,  two  concrete  barricades  8  feet  (2.44  meters)  high, 
30  feet  (9.14  meters)  long,  and  3^  and  13  feet  (1.07  and  3.96  meters) 
wide,  respectively,  at  the  base  are  erected  on  each  side  of  the  mouth 
of  the  galleiy,  and  a  swinging  plate  6  feet  (1.83  meters)  wide,  9  feet 
(2.74  meters)  long,  and  i  inch  (1.27  centimeters)  thick  is  suspended 
on  a  framework  directly  across  and  at  a  distance  of  50  feet  (15.24 
meters)  from  the  mouth  of  the  gallery,  so  as  to  arrest  any  flying 
stemming  or  other  material  that  may  be  blown  out  of  the  gallery. 

In  order  to  provide  a  safe  position  from  which  the  cannon  in  the 
gallery  may  be  dischai^ed  and  from  which  the  phenomena  that  occur 
may  be  watched,  an  observation  room  40  feet  (12.20  meters)  long  and 
9  feet  5  inches  (2.87  meters)  wide  is  arranged  about  50  feet  (15.24 
meters)  distant  from  and  on  the  left-hand  side  of  the  gallery,  facing 
the  breech  of  the  cannon.     The  walls  of  this  room  are  of  brick,  18 
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inches  (45.7  centimeters)  in  thickness.  The  line  of  vision  passes 
through  a  plate-glass  window  37  feet  (11.28  meters)  long,  6  incl^ 
(15.3  centimeters)  wide,  and  i  inch  (1.27  centimeters)  thick.  This 
window  is  protected  externally  by  two  projecting  wooden  guards, 
each  one  being  37  feet  (11.28  meters)  in  length  and  3  feet  (0.91  metcf) 
wide*  In  this  observation  room  the  meter,  with  which  the  natural 
gas  is  measured,  and  the  electrical  firing  device,  with  which  the 
cannon  is  fired,  are  installed  and  the  coal  dust  is  stored.  A  table  is 
also  provided  for  the  engineers  engaged  in  conducting  the  tests. 

METHOD   OF   CONDUCTING   TESTS. 

All  explosives  were  subjected  to  five  tests,  as  follows : « 

Test  1. — ^Ten  shots,  each  with  a  charge  equal  in  deflective  force  to 
one-half  pound  (227  grams)  of  40  per  cent  nitroglycerin  dynamite  as 
determined  by  the  ballistic  pendulum,  are  fired  in  their  original 
wrappers,  with  1  pound  of  dry  fire-clay  stemming,  at  a  gallery  tem- 
perature of  77®  F.,  into  a  mixture  of  gas  and  air  containing  8  per  cent 
of  methane  and  ethane.  An  explosive  is  considered  to  have  passed 
this  test  if  all  10  shots  fail  to  ignite  the  mixture. 

Test  2. — ^Ten  shots,  each  with  a  chaise  equal  in  deflective  force  to 
one-half  pound  (227  grams)  of  40  per  cent  nitroglycerin  dynamite  as 
determined  by  the  ballistic  pendulum,  are  fired  in  their  original 
wrappers,  with  1  pound  of  dry  fire-clay  stemming,  at  a  gallery 
temperature  of  77®  F.,  into  a  mixture  of  gas  and  air  containing  4  per 
cent  of  methane  and  ethane  and  20  pounds  of  bituminous  coal  dust, 
100-mesh  fine,  from  the  Pittsburg  bed,  18  pounds  of  which  are 
placed  on  shelves  laterally  arranged  along  the  first  20  feet  of  the 
gallery,  and  2  pounds  placed  near  the  inlet  of  the  miTring  system  in 
such  a  maimer  that  all  or  part  of  the  dust  will  be  suspended  in  the  first 
division  of  the  gallery.  An  explosive  is  considered  to  have  passed 
this  test  if  all  10  shots  fail  to  ignite  the  mixture. 

Test  S. — ^Ten  shots,  each  with  a  charge  equal  in  deflective  force  to 
one-half  pound  (227  grams)  of  40  per  cent  nitroglycerin  dynanite 
as  determined  by  the  ballistic  pendulum,  are  fired  in  their  original 
wrappers,  with  1  pound  of  dry  fire-clay  stemming,  at  a  gallery 
temperature  of  77®  F.,  into  40  pounds  of  bituminous  coal  dust,  100- 
mesh  fine,  from  the  Pittsburg  bed,  20  pounds  of  which  is  to  be 
distributed  uniformly  on  a  horse  placed  in  front  of  the  cannon  and 
20  pounds  placed  on  side  shelves  in  sections  4,  5,  and  6.  An  explosive 
is  considered  to  have  passed  this  test  if  all  10  shots  fail  to  ignite  the 
mixture. 

Test  4' — A  limit  charge  is  determined  within  25  grains  by  firing 
chaises  in  their  original  wrappei^,  unstemmed,  at  a  gaUeiy  temper- 

a  For  Ust  of  testa  approved  January  3, 1911,  aee  appendix,  pp.  199-193. 
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ature  of  77**  F.,  into  a  mixture  of  gas  and  air  containing  4  per  cent  of 
methane  and  ethane  and  20  pounds  of  bituminous  coal  dust,  100- 
mesb'Aie;  from  the  Pittsburg  bed;  arranged  in  the  same  manner  as 
in  teBfc-2.  The  limit  charge  is  repeated  five  times  under  the  same 
conifilions  before  being  established. 

TegtS. — Same  as  test  4,  except  that  2  per  cent  of  methane  and 
ethane  is  used  instead  of  4  per  cent,  and  that  one  shot  is  fired  instead 
of  five. 

In  tests  1,  2,  and  3,  2  pounds  of  dry  fire-clay  stemming  is  used  with 
slow-burning  explosives. 

Five  different  methods  have  been  used  for  charging  the  cannon, 
depending  in  each  case  upon  the  class  of  explosive  to  be  tested  and 
the  test  to  which  it  is  to  be  subjected.  The  classification  of  the 
explosives  employed  for  this  purpose  and  the  methods  used  are  as 
follows: 

Method  A. — ^The  method  used  for  all  explosives  containing  nitro- 
glycerin, in  which  the  object  of  the  test  is  the  determination  of  the 
limit  charge,  is  as  follows:  In  charging,  a  primer  2  inches  (5.1  centi- 
meters) long  is  cut  from  one  of  the  cartridges  and  retained.  The 
remaining  cartridge  or  cartridges  are  cut  on  both  sides  and  across 
ea^h  end  and  tamped  firmly  into  the  bore  hole.  No  additional  pres- 
sure is  exerted  after  the  charge  completely  fills  the  bore  hole.  An 
electric  detonator  of  the  kind  and  grade  recommended  by  the  manu- 
facturer is  then  inserted  in  the  center  of  the  primer,  and  the  whole 
is  gently  pressed  against  the  charge.  The  condition  of  the  charge  is 
then  investigated  by  the  engineer,  and  care  is  taken  to  see  that  no 
small  particles  of  the  explosive  are  left  in  the  bore  hole  in  front  of  the 
charge. 

.  Method  B. — ^For  all  anmionium  nitrate  explosives  which  contain  no 
nitroglycerin  and  with  which  the  object  of  the  test  is  the  determination 
of  the  limit  charge,  the  method  of  charging  is  the  same  as  that  given 
in  method  A,  except  that  the  cartridges  are  rolled  until  soft  before 
being  charged,  and  the  tamping  is  done  gently  instead  of  firmly. 

Method  C, — In  the  case  of  all  black  blasting  powders  and  similar 
explosives,  whether  or  not  the  test  is  for  the  determination  of  the 
limit  chaise  and  whether  or  not  stemming  is  used,  the  entire  charge 
is  tamped  firmly,  and  then  the  electric  igniter  is  inserted  directly  in 
the  charge.  If  stemming  is  used,  2-  pounds  of  it  are  put  in,  1  pound 
at  a  time,  and  pressed  home  firmly.  The  last  pound  is  tamped  very 
hard. 

Method  Z).-r-In  the  case  of  all  explosives  containing  nitroglycerin, 
but  with  which  stenuning  is  used  in  the  test,  the  2-inch  (5.1-centi- 
meter) primer  is  first  inserted  in  the  bore  hole  and  the  split  cartridges 
tamped  firmly  in  front  of  and  around  it.  This  method  presents  a 
plane  surface  of  the  explosive  to  the  stenmiing. 
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Method  E, — ^All  ammonium-nitrate  explosives  which  contain  no 
nitroglycerin,  but  with  which  stemming  is  used  in  the  test,  belong  to 
class  E.  The  method  of  charging  them  is  the  same  as  for  daoi  D, 
except  that  the  cartridges  are  rolled  until  soft  before  chaiging  them, 
and  the  stemming  is  put  in  gently  instead  of  firmly. 

For  stemming,  plastic  milled  fire  clay,  dried  to  0.42  per  cent  of 
moisture  and  ground  to  20-mesh  fineness,  is  used.  The  fire  day  is 
used  dry  because  when  used  wet  the  maintenance  of  that  unifonn 
percentage  of  moisture  in  the  clay  necessary  in  comparative  test  work 
is  impracticable. 

The  allowable  limit  of  variation  in  the  temperature  of  the  gallery 
is  10^  F.  above  or  below  the  stated  percentage,  the  aim  being  to 
eliminate  extreme  conditions  of  temperature.  As  all  tests  reported 
in  this  bulletin  were  made  during  the  winter  and  spring,  it  was  nec- 
essary to  heat  the  gas-air  mixture  used.  In  tests  made  during  the 
summer  it  is  necessary  to  cool  the  gas-air  mixture.  Cooling  is  accom- 
plished by  spraying  the  outside  of  the  gallery  with  water. 

In  all  tests  in  which  natural  gas  is  used  the  allowable  limits  of 
variation  of  methane  plus  ethane  in  the  gas^air  mixture  is  one-<}uarter 
of  1  per  cent  above  or  below  the  stated  percentage  unless  the  analysis 
indicates  a  more  sensitive  mixture  and  there  is  no  ignition. 

To  insure  uniformity  in  mixing  the  gas  and  air  the  following  time 
intervals  obtain: 

Heating;  the  air  in  the  gallery:  This  is  continued  until  the  temperature  in  die 
gallery  is  well  within  Ihe  allowable  range. 
Running  in  the  gas:  Three  minutes  for  test  1,  two  minutes  for  tests  2,  4,  and  5. 
Mixing  the  gas  and  the  air:  Six  minutes  for  test  1,  five  minutes  for  tests  2, 4,  and  5. 
Starting  sampling  to  turning  off  fan:  One  and  one-half  minutes. 
Turning  off  fan  to  firing  shot:  One  minute. 

No  attempt  has  been  made  to  establish  a  limit  chai^  above  1,000 
grams  because  of  the  severe  effects  upon  the  cannon. 

When  natural  gas  is  used  is  making  the  mixtures  they  are  confined 
in  the  first  division  of  the  gallery  by  means  of  a  large  paper  diaphragm. 

In  making  tests  1, 2,  4,  and  5,  the  doors  are  left  open  in  sections  1, 2, 
and  3,  the  doorways  being  closed  by  means  of  small  paper  diaphragms 
which  are  held  in  place  by  heavy  cast-iron  washers.  All  doors  aie 
closed  but  unfastened  in  making  test  3. 

Contrary  to  expectations  it  has  been  found  that  a  decrease  in  the 
depth  of  the  bore  of  the  cannon  does  not  make  any  unstemmed  test 
more  severe,  and  that  an  increase  in  the  diameter  of  the  bore  hole 
up  to  3  inches,  so  long  as  the  surface  is  not  broken  or  irregular  or 
does  not  slope  abruptly,  does  not  produce  less  severe  conditions. 
As  every  shot  in  the  cannon  increases  the  volume  of  that  part  of  the 
bore  hole  which  the  charge  occupies,  especially  ^with  large  charges 
and  with  stronger  explosives,  it  becomes  a  simple  matter  to  always 
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maintain  the  diameter  of  the  bore  hole  at  3  inches  (7.6  centimeters) 
or  less  by  filling  the  enlarged  portion  at  the  back  with  fire  clay  and 
asbestos  rope  until  the  remaining  volume  of  the  bore  hole  will  no 
longer  hold  the  charge. 

A  sample  of  the  gas-air  mixture  is  taken  in  every  test  in  which 
natural  gas  is  used.  The  apparatus  for  sampling  consists  of  a  bottle, 
a  perforated  rubber  stopper,  a  rubber  tubing,  clamps,  and  a  brass 
tube  long  enough  to  reach  the  center  line  of  the  gallery.  The  sample 
is  taken  over  water,  and  the  time  required  is  from  one  to  one  and  a 
quarter  minutes.  The  gas  chemist  analyzes  this  sample  and  reports 
tixe  percentage  of  natural  gas  therein.  An  analysis  of  the  natural 
gas  is  made  every  week  and  the  percentage  of  natural  gas  in  the  gas- 
air  mixtiure  is  multiplied  by  the  percentage  of  methane  and  ethane  in 
the  natural  gas  to  get  the  percentage  of  methane  and  ethane  in  the 
gas-air  mixture. 

The  result  of  every  trial  shot  is  recorded  either  as  ignition  or  no 
ignition.  At  the  trial  a  record  is  made  of  the  number  of  doorways 
through  which  flame  issued  and  the  number  of  windows  through  which 
fl^me  was  seen.  In  test  3  record  is  kept  of  the  number  of  doors  that 
opened  and  closed,  opened  and  stayed  open,  or  remained  closed ;  and, 
in  all  tests  in  which  dust  is  used,  note  is  made  as  to  whether  or  not  any 
charred  dust  has  been  formed.  In  the  majority  of  tests  no  trouble  is 
experienced  in  distinguishing  an  ignition  from  no  ignition,  as  the  flame 
is  seen  at  least  half  the  distance  down,  the  gallery,  and  charred  dust 
is  formed  when  an  ignition  takes  place.  However,  in  testing  low 
explosives,  when  the  limit  charges  are  very  small,  say  100  grams  or 
less,  there  is  some  difficulty  in  distinguishing  ignition  from  no  igni- 
tion, so  here  an  arbitrary  standard  of  an  ignition  has  been  fixed, 
which  is  as  follows:  When  testing  small  quantities  of  low  explosives, 
if  it  is  difiicult  to  distinguish  an  ignition  from  no  ignition,  determina- 
tion should  always  be  made  that  the  flame  was  seen  in  at  least  one 
more  doorway  and  one  more  window  with  the  gas-air  mixture  than 
with  a  clean  gallery,  and,  if  dust  was  used  in  the  test,  that  at  least 
some  small  quantities  of  charred  dust  were  formed,  before  the  result 
of  the  trial  was  designated  an  ignition. 

Except  with  the  explosives  Masurite  M.  L.  F.  and  FFF  black  blast- 
ing powder,  with  which  No.  7  electric  detonators  and  electric  igniters, 
respectively,  were  used,  No.  6  electric  detonators  have  been  used 
with  all  explosives  herein  reported  for  the  following  tests:  Ballistic 
pendulum,  gas  and  dust  gallery  No.  1 ,  flame,  and  explosion  by  influence. 

A  test  was  made  to  determine  whether  the  No.  7  electric  detonators 
would  ignite  a  gas-air  mixture  containing  8  per  cent  of  methane  and 
ethane.  Ignition  of  the  mixture,  either  when  the  electric  detonator 
was  put  in  the  bore  of  the  cannon  or  was  suspended  freely  in  the  mix- 
ture, was  found  impossible. 
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In  order  to  utilize  the  gallery  to  the  best  advantage  in  regard  to  * 
time,  it  occasionally  became  necessary  when  working  three  shifts  of 
men  to  run  some  or  all  of  tests  1^  2,  and  3  before  the  ''unit  deflective 
charge"  was  obtained  on  the  ballistic  pendulum,  in  which  event  the 
charge  used  in  these  tests  was  always  greater  than  the  ''unit  deflec- 
tive charge,"  as  found  by  experiment. 

BATB  OF  DETONATION  APPABATITS. 

Provided  all  other  conditions  remain  the  same,  the  shattering 
effect  of  an  explosive  varies  with  the  velocity  with  which  the  explo- 
sion wave  or  explosive  reaction  travels  through  the  charge  of  the 
explosive.  In  explosives  fired  by  detonation  this  movement  as 
measured  in  definite  terms  of  time  and  length  is  styled  the  rate  of 
detonation. 

In  every  explosion,  however  initiated,  the  cross-sectionai  area  that 
the  exposed  surface  of  the  explosive  immediately  presents  to  the 
exciting  cause,  or  agent,  is  a  most  important  factor  in  determining 
the  final  effect.  In  all  of  the  tests  of  detonating  explosives  that  have 
been  made  at  the  Pittsburgh  testing  station,  mercuric  fulminate,  or 
a  mixture  of  this  substance  with  potassium  chlorate  alone  or  with 
other  substances,  has  been  used  in  electric  detonators  as  the  exciting 
cause.  To  assure  the  exposure  of  a  definite  and  uniform  area  of  the 
explosive  to  the  action  of  the  electric  detonator  the  explosive  is 
placed  in  tubes  of  thin  sheet  irpn  42  inches  (107  centimeters)  in  length 
and  H  or  2  inches  (3.8  or  5.1  centimeters)  in  diameter.  The  varia- 
tions in  the  diameters  of  the  iron  tubes  used  are  permitted  in  order 
to  meet  the  requirements  of  the  different  explosives  to  be  tested  and 
to  allow  for  the  different  diameters  of  the  cartridges  in  which  they 
are  furnished  for  use  in  blasting. 

When  the  tube  has  been  charged  with  the  desired  amount  of  the 
explosive  to  be  tested,  two  copper  wires  are  inserted  through  perfora- 
tions in  the  tube  and  cartridge  file,  at  a  distance  of  1  meter  apart,  so 
that  the  column  of  explosive  between  these  wires  is  1  meter  long. 
The  copper  wires  are  each  led  to  a  recording  chronograph.  A  No.  7 
electric  detonator  is  inserted  in  the  tube,  in  one  end  of  the  column 
of  explosive.  The  tube  with  its  contents  is  then  suspended  in  the 
firing  chamber,  the  copper  wires  are  connected  up  to  the  recording 
chronograph,  and  the  electric  detonator,  which  has  been  connected 
to  a  dynamo  electric  machine,  is  fired.  Of  the  two  copper  wires 
passed  through  the  tube,  the  one  that  is  nearest  the  electric  deto- 
nator is  ruptiu^ed  first.  As  the  explosion  wave  proceeds  through  the 
column  of  explosive  the  second  wire  is  eventually  reached  and  rup- 
tured. The  time  which  elapses  between  the  rupturing  of  the  first 
and  second  wire  measures  the  rate  at  which  the  detonation  pro- 
ceeds through  the  column  of  explosive. 
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The  time  which  intervenes  between  the  rupturing  of  the  first  wire 
by  the  explosion  of  the  electric  detonator  and  the  rupturing  of  the 
second  wire  by  the  detonation  of  the  last  layer  of  explosive  at  1 
meter's  distance  from  the  first  wire  is  measured  by  means  of  the 
Mettegang  recorder  shown  in  Plate  IV,  A. 

The  primary  components  of  the  Mettegang  recorder  are  a  soot- 
covered  bronze  drum  so  connected  to  an  electric  motor  that  it  may 
be  caused  to  revolve  at  any  desired  speed  up  to  105  revolutions  per 
second;  a  220-volt  direct-current  motor  provided  with  a  rheostat 
for  controlling  its  speed;  a  vibration  tachometer  so  connected  to 
the  bronze  drum  that  the  nmnber  of  revolutions  of  the  latter  in  unit 
of  time  are  accurately  measured  for  any  speed  between  50  and  105 
revolutions  per  second;  induction  coils  the  primaries  of  which  receive 
their  current  from  an  electric-lighting  circuit  having  a  terminal 
pressure  of  220  volts;  and  platinum  terminals  placed  about  0.25 
millimeter  (0.01  inch)  from  the  surface  of  the  rotating  drum  and  in 
circuit  with  the  secondaries  of  the  induction  coils,  by  means  of  which 
electric  sparks  are  so  projected  against  the  surface  of  the  drum  as  to 
disturb  its  sooty  covering  and  produce  tiny  bright  spots  at  the 
point  of  impact.  These  spots  may  be  easily  perceived  by  the  aid  of 
a  microscope  attached  to  the  recorder. 

The  drum  ib  500  millimeters  (19.69  inches)  in  circumference.  The 
edge  of  tlus  drum  is  provided  with  500  teeth  which  may  be  made  to 
engage  an  endless  screw.  A  pointer  attached  to  this  screw  passes 
over  a  dial  reading  to  hundredths,  thus  indicating  with  great  precision 
the  distance  intervening  between  the  spots  produced  on  the  soot- 
covered  surface  of  the  drum.  The  drum  is  provided  mth  six  platinum 
terminals  held  by  an  insulated  arm  that  may  be  so  moved  as  to  bring 
the  points  within  any  desired  distance  from  the  drum.  Each  one 
of  these  points  may  be  put  in  series  with  one  of  the  secondaries  of 
the  induction  coUs  while  the  other  end  of  the  electric  lead  is  grounded 
to  the  drum  through  the  base  which  supports  it.  Only  two  of  the 
platinum  terminals  are  used  in  any  single  firing  trial  for  the  determina- 
tion of  the  rate  of  detonation  in  a  given  explosive;  the  other  four 
are  held  in  reserve  for  future  use. 

In  ascertaining  by  this  method  the  rate  at  which  detonation  once 
nitiated  is  transmitted  through  a  column  or  file  of  an  explosive, 
the  electric  current  used  as  the  medium  for  transmitting  the  record 
is  divided  into  two  parts  by  passing  it  through  two  equal  lamp 
resistances  each  of  which,  at  the  Pittsburgh  testing  station,  consists  of 
a  series  of  from  5  to  20  16-candlepower  lamps  After  independently 
traversing  the  cartridge  file  at  the  initial  and  final  points,  the  two 
leads  are  jointly  connected  to  one  of  the  poles  of  the  primary  of 
the  induction  coil  through  which  the  current  passes  to  the  return 
conductor.    The  secondary  of  the  induction  coil  is  then  connected 
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by  one  polo  to  the  two  platinum  terminals  and  by  the  other  pole  to 
the  base  supporting  the  drum  as  described.  In  the  induction  coil — 
as  is  well'  known — axxy  change  of  tension  in  the  primary  coil  sets  up 
an  induced  current  in  the  secondary  coil,  and  this  mutual  induction 
between  the  coils  results  in  the  production  of  a  higher  potential 
diftarence  at  the  terminals  of  the  secondary  coil,  so  that  sparks  of 
considerate  length  and  intensity  may  be  obtained.  In  the  earlier 
part  ol  the  work  at  the  Pittsburgh  station  circumstances  were  such 
that  ooils  provided  with  iron  cores  were  used*,  and  all  the  data  for 
rate  ol  detonation  test  recorded  in  this  bulletin  were  obtained  with 
ironrcored  coils.  By  a  readjustment  of  the  apparatus,  induction 
ooik  without  iron  coils  were  made  to  give  the  desired  kind  of  spaiks, 
and  suck  ooils  have  been  used  in  ali  subsequent  tests  made  at  the 
station. 

The  vibration  tachometer,  by  which  the  speed  of  rotation  of  the 
drum  is  measured,  is  connected  to  an  auxiliary  shaft  that  engages  the 
main  shaft  of  the  drum  by  gears,  thus  preventing  any  irregularity  in 
recording  the  speed  due  to  slipping.  This  tachometer  measures  the 
number  of  rotations  of  the  drum,  but,  as  the  circumf  eraice  of  the  drum 
is  accurately  known,  the  distance  per  second  which  any  point  on  the 
periphery  travels  may  easily  be  calculated.  Hence,  at  the  highest 
speed  of  105  revolutions  per  second,  the  distance  of  travel  is  52.5 
meters  (172.2  feet)  per  second.  At  50  revolutions  it  is  25  meters 
(82  feet)  per  second.  At  86  revoKitions,  the  number  commonly 
used  in  the  tests  at  the  station,  it  is  43  meters  (141  feet)  per  second. 

The  distance  between  the  spots  impressed  on  the  surface  of  the 
drum  are,  as  has  been  previously  intimated,  accurately  measured 
by  means  of  the  filar  eyepiece  and  the  endless  screw,  the  spots  being 
focused  on  the  cross  hairs  of  the  eyepiece. 

The  iron  tube  containing  the  cartridge  file  is  suspended  in  the 
chamber  whose  exterior  is  shown  in  Plate  III,  and  the  explosive  is 
fired.  Tliis  chamber  is  a  circular  pit  that  was  formerly  used  as  the 
well  of  a  gasometer.  In  adapting  the  pit  to  its  new  use  the  top  of 
the  gasometer  was  cut  off  and  placed  at  the  bottom  of  the  pit  on  a 
bed  of  sawdust  and  the  space  between  the  gasometer  and  masonry 
walls  of  the  i»t  was  filled  with  sawdust.  The  cover  of  the  pit  con- 
sists of  heavy  timbers  framed  together  and  overlaid  by  12  inches 
(30.5  centimeters)  of  concrete  reenforced  by  six  I  b^ms.  Four 
straps  extend  over  the  top  and  down  to  eight  'Mead  men''  planted 
about  8  feet  (2.44  meters)  below  the  surface  of  the  ground.  The 
pit  b  16  feet  (4.88  meters)  in  diameter  and  11  feet  (3.35  meters) 
deep.    A  manhole  in  its  cover  provides  an  entrance  to  the  interior. 

METHOD  OP  CONDUCTING  TEST. 

The  rate  of  detonation  is  measured  through  a  cartridge  file  42 
inches  (107  centimeters)  in  length.    In  making  a  test  the  separate 
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cartridges,  having  the  paper  cut  from  thoir  enda  to  avoid  the  damping 
effect  of  its  folds,  are  placed  end  to  end  in  a  sheet-iron  tube  42  inches 
(107  centimeters)  long  ajod  either  1^  or  2  inches  (3.8  or  5. 1  centimeters) 
in  diameter,  depending  upon  the  diameter  of  the  cartridges  used.  Two 
copper  wires  leading  from  the  Mettegang  recorder  are  passed  1  meter 
(3.28  feet)  apart  through  the  cartridge  file  and  firmly  secured.  The 
chaise  thus  arranged  is  suspended  horizontally  in  the  pit  and  ex- 
ploded by  an  dectric  detonator  placed  in  one  end  of  the  cartridge 
file.  The  drum  of  the  Mettegang  recorder  is  rotated  at  the  desired 
speed,  and  the  electric  detonator  is  fired  by  an  electric  firing  device 
placed  near  the  recorder.  As  the  wires  that  pass  through  the  cartridge 
files  are  broken,  spots  are  formed  on  the  drum  the  distance  between 
the  spots  at  a  constant  speed  of  the  drum  being  proportional  to  the 
time  elapsing  between  the  breaking  of  the  wires.  When  the  pe- 
ripheral speed  of  the  drum  is  43  meters  (141  feet)  p^  second  the 
smallest  time  interval  which  it  is  possible  to  measure  is  i^rfvitir 
part  of  a  second,  although  with  the  distance,  betwe^i  wires  equal  to 
1  meter  (3.28  feet)  such  refinement  is  not  necessary. 

All  high  explosives  are  tested  in  cartridges  having  a  diameter  of 
1}  inches  (3.2  centimeters).  If  an  explosive  with  this  diameter 
fails  to  detonate  completely,  cartridges  having  a  diameter  of  If 
inches  (4.4  centimeters)  are  used.  If  an  explosive  should  fail  to 
detonate  completely  with  If -inch  (4.4-caitimeter)  cartridges  it 
is  considered  unsatisfactory  and  is  not  eligible  for  the  permissible  list. 

If  the  explosive  submitted  for  tests  is  not  in  cartridges  of  li^-inch 
(3.2-centimeter)  diameter  it  is  repacked,  care  being  taken  that  the 
specific  gravity  as  determined  in  the  physical  examination  has  Qot 
been  altered. 

The  rate  of  detonation,  which  is  expressed  in  meters  per  second, 
is  computed  from  the  speed  of  the  drum  and  the  distance  between 
the  spark  points,  as  illustrated  in  the  following  example: 

In  the  test  of  Carbonite  No.  1  on  March  20,  1909,  the  speed  of  the 
drum  was  43,000  millimeters  per  second  and  the  distance  between 
spark  spots  12.63  millimeters.  Therefore,  43,000  millimeters  were 
traversed  in  one  second,  1  millimeter  in  Tv^Virir  seconds,  and  12.63 
miUimeters  in  -^'^^^  seconds.  Hence,  ■I'j^VW  seconds  is  the  detona- 
tion time  for  a  1-meter  length  of  the  explosivo  and  one  second  is  the 
detonation  time  for  ^iW"  meters,  or  a  3,40S-meter  length  of  the 
explosive. 

FLAMB-TBST  APPABATUS. 

The  flame-test  apprratus  is  used  to  record,  by  photography,  the 
relative  lengths  and  curations  of  the  flames  produced  by  different 
explosives  when  they  are  detonated  or  fired  under  the  following 
conditions.  The  test  is  based  upon  the  belief  that  the  greater  the 
length  of  the  flame  that  an  explosive  emits  and  the  longer  the  time 
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during  which  that  flame  endureS;  the  more  frequent  are  the  chances 
that  such  a  flame,  when  shot  into  the  atmosphere  of  a  coal  mine,  will 
ignite  inflammable  or  explosive  mixtures  of  mine  gas  and  air,  of  coal 
dust  and  air,  or  of  mine  gas,  coal  dust,  and  air.  That  the  volume, 
density,  conductivity,  specific  capacity,  and  temperature  of  the  flame 
are,  like  the  length  and  duration,  important  factors  in  determining 
its  effect  is  recognized,  but  these  must  be  ascertained  and  their  effects 
measured  by  other  means.  Hence  too  great  emphasis  must  not  be 
placed  on  the  value  of  the  length  and  duration  of  the  flame  of  explo- 
sives as  an  indication  of  their  permissibility,  for  both  the  length  and 
the  duration  of  the  flames  of  certain  nonpermissible  explosives  are  less 
than  those  of  some  of  the  permissible  explosives,  but  the  other  varia- 
bles, particularly  the  temperature  of  the  flame,  are  of  importance  and 
must  be  taken  into  account.  Furthermore,  the  particular  manner 
in  which  the  air  offers  resistance  to  the  flame  may  so  laminate  and 
disperse  the  flame  that,  in  conjunction  with  other  causes,  its  height 
and  duration  may  be  materially  reduced.  This  air  resistance  accounts 
for  certain  variations  in  tests  of  the  same  explosive. 

It  is  evident  that  to  compare  the  lengths  and  durations  of  different 
flames  they  must  be  measured  from  a  common  base  line.  This  meas- 
urement may  be  accomplished  by  causing  the  explosion  to  take  place 
at  a  certain  fixed  point  and  then,  by  means  of  a  camera,  observing 
the  flame  constantly  at  such  a  point  that  its  apex  is  included  in  the 
field  of  view.  This  method  is  used  at  the  Pittsburgh  testing  station, 
and  the  results  that  are  pictorially  set  forth  in  this  bulletin  show 
the  length  and  duration  of  the  flames  of  different  explosives.  The 
length  of  each  is  indicated  by  its  height  in  the  photograph,  and  its 
duration  by  the  length  of  the  photograph. 

The  apparatus  by  which  the  results  are  obtained  consists,  essentially, 
of  a  cannon  for  detonating  or  firing  the  explosive,  and  a  camera  for 
photographing  the  flame.  Many  accessories  are  needed  in  order  that 
the  test  may  be  successfully  made.  The  most  important  are  the 
devices  employed  to  cut  off  all  light  rays  from  the  camera  except 
those  emitted  by  the  flame  from  the  explosive. 

The  cannon  used  is  identical  in  shape,  dimensions,  and  size  of  bore 
hole  with  those  used  in  gas  and  dust  gallery  No.  1.  It  is  mounted 
vertically  on  a  concrete  foundation  at  a  distance  of  about  18  feet 
(5.5  meters)  from  the  lens  of  the  camera.  To  cut  off  extraneous 
light  rays  it  is  incased  in  an  iron  cylinder,  as  shown  in  Plate  III. 
This  cylinder  is  made  of  J-inch  boiler  plate  in  twenty-four  sections. 
It  is  20  feet  (6.1  meters)  high  and  43  inches  (109  centimeters)  in 
diameter.  It  is  provided  with  a  door  on  one  side  just  above  the 
cannon,  which  affords  an  entrance  into  the  interior,  and  through 
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which  the  charging  of  the  cannon  is  effected.  When  a  test  is  to  be 
made,  the  top  of  this  cylinder  is  closed  bj  covering  it  with  black  paper 
to  cut  off  the  sunlight. 

The  camera  is  installed  in  a  dark  room  in  building  17,  and  the  can- 
non, with  its  stack,  is  mounted  outside  of  the  building.  The  iron 
cylinder  incasing  the  cannon  is  connected  to  the  dark  room  by  means 
of  a  16-foot  (4.9-meter)  conduit  made  of  sections  of  }-inch  (6.35- 
millimeter)  boiler  iron,  which  is  rectangular  in  cross  section  and  made 
light-tight  at  all  joints,  especially  where  it  is  riveted  to  the  cylindrical 
stack  that  rises  about  the  cannon.  The  conduit  has  a  width  of  12 
inches  (30.5  centimeters),  but,  although  its  bottom  is  horizontal  and 
its  sides  vertical,  its  top  inclines  from  a  height  of  8}  feet  (2.52  meters) 
above  its  bottom,  at  the  point  where  it  is  joined  to  the  vertical  cylin- 
der or  stack  inclosing  the  cannon,  to  21  inches  (53  centimeters)  at 
the  point  where  it  ends  inside  of  the  wall  of  the  dark  room  in  building 
17.    At  this  end,  doors  are  placed  in  the  conduit. 

A  vertical  slit  8  feet  (2.44  meters)  long  and  2  inches  (5.1  centi- 
meters) wide  is  cut  in  the  vertical  iron  cylinder,  or  stack,  inclosing 
the  cannon,  and  this  sht  is  so  placed  that  its  vertical  center  coincides 
with  that  of  the  conduit  and  with  the  lens  of  the  camera  by  which 
it  is  viewed.  The  top  of  the  cannon  constitutes  the  base  line  from 
which  the  lengths  of  the  different  flames  are  determined,  and  therefore 
the  camera  is  so  adjusted  and  fixed  that  the  top  of  the  cannon  always 
occupies  the  same  position  on  the  field  of  view  of  the  camera.  Hence 
the  height  of  the  flame  above  the  top  of  the  cannon  measures  the 
length  of  the  flame  produced  by  the  explosive  that  has  been  detonated 
or  fired  in  the  cannon. 

The  duration  of  the  flame  is  measured  by  continuously  photo- 
graphing the  flame  as  it  appears  through  the  slit  in  the  stack  sur- 
rounding the  cannon.  This  continuous  photograph  is  taken  by 
making  the  record  on  a  sensitized  film  wrapped  about  a  drum  that 
revolves  at  a  determined  and  known  rate  of  speed  within  the  field 
of  view  of  the  slit  in  the  stack. 

The  essential  features,  therefore,  of  the  photographic  device  em- 
ployed in  this  test  are:  A  rotating  drum  to  which  the  sensitized 
photographic  film  is  affixed ;  a  220-volt  motor,  regulated  by  a  rheostat, 
by  means  of  which  the  drum  is  revolved;  a  quartz  lens  by  which  the 
rays  of  light  from  the  flame  are  focused  on  the  sensitized  film;  a 
semicircular  shield,  in  which  a  stenopaic  sht  76  by  1.7  millimeters 
(3  by  0.067  inches)  has  been  cut,  which  is  placed  in  front  of  the  lens; 
a  shutter  which  excludes  the  light  from  the  photographic  box  at  all 
times  except  when  the  photograph  is  being  taken;  and  a  light-tight 
box  in  which  all  of  these  parts  except  the  motor  are  inclosed. 
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The  drum  has  a  circumference  of  500  millimeters  (19.685  imdieB) 
and  a  height  of  100  millimet^s  <d.037  indiies).  A  bereled  gear  on 
the  bottom  of  the  axle  of  this  drum  engaging  T^th  a  gear  on  a  shaft 
from  the  motor  provides  a  means  by  which  this  drum  is  rotated  at  a 
known  speed  of  20  meters  (65.6  feet)  per  second.  The  sensitized 
photographic  films  used  in  this  test  are  3f  inches  (98.4  millimeters) 
wide  and  20  inches  (508  millimeters)  long,  and  they  are  so  placed  on 
the  drum  that  their  ends  overlap.  These  overlapped  ends  are  hreld 
in  place  by  gummed  strips  which  are  attached  to  each  end  of  the  fUm, 
and  the  films  are  further  secured  in  the  place  assigned  them  by  means 
of  heavy  rubber  bands,  which  are  i^aced  about  the  top  and  bottom 
of  the  film  as  it  is  wound  about  the  drum. 

The  speed  at  which  the  motor  revolves  is  ascertained  by  means  of  a 
tachometer,  which  is  calibrated  to  read  directly  in  meters  per  second. 

A  quartz  lens  is  employed,  because  it  will  not  only  focus  the  ordi- 
nary visible  light  rays,  but  also  those  invisible  violet  rays  that  are 
so  largely  present  in  the  flames  from  explosives. 

The  shutter  that  eclipses  the  stenopaic  slit  and  the  quartz  lens  is 
operated  by  means  of  a  rubber  bulb;  it  is  opened  immediately  before 
the  shot  is  fired  and  closed  immmediately  afterward.  A  second 
shutter,  at  the  opening  of  the  conduit  from  the  stack  into  the  dark 
room,  may  be  opened  so  as  to  illummate  the  dark  room  by  means  of 
the  light  coming  down  the  stack,  except  when  the  shot  is  fired. 
Although  this  shutter  is  then  necessarily  op^i  in  ord^  that  the  flame 
may  be  exposed  to  the  camera,  the  top  of  the  stack  is  then  dosed  by 
its  paper  envelope. 

The  semicircular  shield  with  its  stenopaic  slit  is  placed  directly  in 
front  of,  close  to,  and  concentric  with,  the  drum  on  which  the  sensi- 
tized fiilm  is  hdid,  and  excludes  from  titie  film  all  rays  of  light  except 
tiiose  from  the  flame  of  the  explosive. 

The  tachometer,  connected  directly  to  the  motor  shaft,  gives 
readings  not  only  for  the  revolutions  per  minute  of  the  motor,  but 
also  readings  in  meters  per  second  for  the  peripheral  speed  of  the 
drum.  A  maximum  peripheral  speed  of  20  meters  (65.6  feet)  per 
second  may  be  obtained  for  the  drum,  and  this  is  the  speed  of  rotation 
that  is  used  in  tests  of  detonating  explosives.  With  slow-burning 
explosives,  however,  the  duration  of  the  flame  is  so  long  that  the  flame 
apparently,  is  carried  around  the  complete  circumference  of  the  film 
so  many  times  that  the  points  where  the  flame  begins  and  ends  can 
not  be  determined.  It  is  therefore  necessary  in  testing  such  explosives 
to  run  the  dnmi  at  a  much  slower  speed;  to  provide  for  this  the 
apparatus  is  equipped  with  an  auxiUary  shaft  and  four  toothed 
gears,  so  that  the  peripheral  speed  of  the  drum  is  one  sixty-fourth 
of  the  speed,  as  shown  by  the  tachometer.  For  slow-burning  explo- 
sives this  slower  speed  is  quite  satisfactory. 
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METHOD   OF  CONDUCTING  TEST. 

The  charge  of  explosive  used  is  100  grains.  Shots  are  fired  both 
with  and  without  stemming.  Of  the  explosives  reported  in  this 
bulletin  only  one,  namely,  FFF  black  blasting  powder,  showed  any 
flame  when  fired  with  stemming.  When  stemmed,  the  charge  is 
ioadefd  in  its  original  wrapper  so  as  to  completely  fill  the  bore  hole 
of  the  cannon.  The  amount  of  stemming  used  is  1  pound,  and  the 
method  of  charging  is  the  same  as  that  for  classes  C,  D,  and  E  given 
for  gallery  tests.  The  teieetric  detonator  or  electric  igniter  used, 
which  is  of  the  gfflde  recommended  by  the  manufticturer,  is  then 
placed  in  the  center  (tf  ihe  charge  and  the  proper  electric  connec- 
tions completed. 

As  high  explosives  give  fbamm  of  very  short  deration,  three  or 
more  photc^aphs  on  a  single  fifan  are  taken  of  the  flames  from  the 
same  explosive,  but  in  no  case  are  photographs  of  different  explo- 
siVes  taken  on  the  same  film.  The  fifans  are  developed  and  prints 
are  made  by  the  official  photographer  of  the  Pittsburgh  testing 
station.  As  some  time  vaay  elapse  between  the  exposing  and  develop- 
ing of  the  films  they  are  stored  in  a  light-tight  tin  can  sealed  \nth 
adhesive  tape.  Occasionally  two  photographs  taken  on  the  same 
fifan  may  so  overlap  that  it  is  impossible  to  measure  tiie  duration  of 
either  one,  in  which  event  one  or  both  of  the  tests  must  be  made 
again.  This  accounts  for  the  differences  in  dates  which  may  be 
noticed  on  some  records  of  tests  of  the  same  explosive. 

When  the  cannon  is  charged  the  engineer  retires  to  the  dark  room 
in  which  tho  photograpliic  device  is  located,  starts  the  drum,  obtains 
the  desired  speed,  opens  the  shutters,  and  fires  the  shot  by  means 
of  an  electric  firing  device.  The  film  when  developed  shows  a  figure 
of  certain  dimensions.  The  length  and  duration  of  the  flame  of  the 
explosive  is  determined  from  the  vertical  height  and  lateral  dis- 
placement, as  shown  in  the  photograph. 

In  measuring  the  photograph  it  is  to  be  recalled  that  the  angle  of 
the  lens  and  its  position  between  the  film  and  bore  of  the  cannon  are 
such  that  the  height  of  the  photograph  is  to  the  height  of  the  flame 
as  1  inch  (25.4  millimeters)  is  to  32  inches  (813  millimeters). 

The  length  of  the  flame  is  measured  in  milliseconds  or  one-thou- 
sandths of  a  second.  When  the  peripheral  speed  of  the  drum  is  20 
meters  per  second,  a  1-millimeter  width  of  the  flame  is  equal  to  0.05 
milliseconds  in  time.  As  the  length  of  the  flame  is  measured  to  the 
nearest  quarter  millimeter,  the  smallest  time  interval  measured  is 
0.0125  milliseconds. 

On  Plate  V  the  upper  figure  shows  photogmphs  of  three  flames 
from  the  same  permissible  explosive,  taken  when  ti^e  film  was  travel- 
ing at  a  speed  of  20  meters  (65.6  feet)  per  second;  the  lower  %ures 
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THB  DCPAOT  MACHINE. 

The  impact  machine  (PL  VI,  A)  is  used  to  determine  quantitatively 
the  sensitiveness  of  explosives  to  explosion  when  they  are  struck  by 
a  known  xnass  of  steel  moving  at  a  known  velocity  while  the  explosive 
being  tested  rests  on  a  steel  surface.  Naturally  the  machine  admits 
of  such  changes  that  the  sensitiveness  to  explosion  through  impact 
between  moving  and  fixed  masses  of  other  metals  than  steel  or  other 
substances,  either  alike  or  unlike,  may  be  detennined,  but  only  when 
the  sample  of  explosive  that  is  tested  is  subjected  to  a  direct  blow, 
such  as  the  blow  of  a  mass  falling  vertically  and  striking  its  anvil  or 
buffer  squarely.  The  machine  does  not  admit  of  determining  the 
sensitiveness. of  an  explosive  to  explosion  when  struck  tangentially, 
or,  in  the  vernacular,  ''a  glancing  blow." 

The  maclune  consists  essentially  of  a  framework  of  steel  rods 
which  rise  vertically  from  a  massive  iron  base  resting  on  a  concrete 
pier.  A  steel  rod  57  iuches  (1.45  meters)  high  and  2.25  inches  (57.2 
xniUimeters)  in  diameter  constitutes  the  backbone  or  fundamental  ele- 
ment of  the  structure.  In  front  of  this  are  two  rods,  between  which 
the  yoke  and  impact  weight,  or  hammer,  move.  To  the  right  of 
these,  as  one  faces  them,  is  a  vertically  driven  threaded  rod  or  pre- 
cision screw,  by  which  the  adjustment  of  the  known  weight  is  effected 
and  its  height  above  the  plunger  stamp  is  determined. 

Resting  on  the  iron  base  is  a  case-hardened  steel  anvil,  on  which 
the  charge  of  explosive  to  be  tested  is  placed.  This  anvil  is  sur- 
roimded  by  a  tubulated  jacket,  through  which  water  of  known  tem- 
perature may  be  circulated.  Thus  the  temperature  of  the  anvil, 
and  hence  the  temperature  of  the  explosive  resting  on  it,  may  be 
brought  to  a  definite  temperature. 

Above  the  anvil  and  between  the  guide  rods  is  a  plimger  stamp 
made  of  soft  steel,  which  is  held  in  place  above  the  anvil  on  which  it 
rests  by  a  steel  guide  which  forms  a  part  of  the  base  support  for  the 
vertic^  guide  rods. 

The  steel  hanuner,  whose  fall  determines  the  impact,  is  a  cylinder 
of  steel  of  known  dimensions  and  weight.  It  is  placed  above  the 
plunger  and  between  the  guide  rods.  Above  it  is  a  yoke  that  moves 
freely,  up  and  down,  upon  the  vertical  guide  rods.  This  yoke  is 
provided  with  jaws  so  placed  that  the  lugs  on  an  endless  chain, 
moving  in  a  vertical  cycle  behind  the  yoke,  may  engage  them,  and 
thus  the  yoke,  and  any  weight  attached  to  it,  may  be  raised  to  any 
desired  height.  By  the  aid  of  an  electric  magnet,  the  yoke  may  be 
magnetized  or  demagnetized  at  will.  When  magnetized  it  will 
attract  and  hold  the  steel  hammer,  aiid  then  the  whole  system  may 
be  raised,  by  means  of  the  endless  chain,  to  any  desired  height 
within  the  range  of  the  machine;  the  yoke  can  then  be  demagnet- 
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ized  at  will,  causing  the  release  and  Ml  of  the  steel  hammer.  The 
demagnetization  may  be  accomplished  automatically  by  means  of 
fi,  stop  set  at  a  predetermined  height  and  twovided  with  a  device  for 
arresting  the  flow  of  the  electric  currefiit.  The  vertically  driven 
precision  screw  mentioned  above  fftiid^s  land  lowei^  the  demagnetizing 
stop,  and  this  screw  is  geared  to  a  recordi^ag  devicre  that  measures 
the  height  from  which  the  steel  hammer  fa&s,  and  hence  the  distance 
through  which  this  hammer  fafis  before  It  strikes  the  head  of  the 
soft-steel  plunger,  which  in  turn  rests  upon  the  anvil,  Or,  in  practice, 
upon  the  explosive  that  rests  upon  the  anvil. 

The  weight  of  the  hammer  used  in  these  tests  is  2,000  grams  (4.4 
pounds).  The  weight  of  the  soft-st6el  plxmger  stamp  is  900  grams 
(1.98  pounds).  The  plunger  stamp  is  floated  with  heavy  lubricating 
oil  in  its  guide  to  insure  uniformity  in  resistance  and  in  movement. 
The  maximmn  height  from  which  the  hammer  can  be  dropped  is 
100  centimeters  (39.37  inches).  As  the  effective  impact  on  the 
explosive  is  inversely  proportional  to  the  area  of  the  bade  of  the 
stamp  which  rests  upon  the  anvil,  it  is  essential  that  the  srurfaces 
of  the  stamp  and  of  the  anvil  ^hich  face  each  other  shall  be  perfectly 
true  and  parallel,  and  this  is  aceomplished  by  turning  and  grinding 
them  in  a  precision  lathe. 

UETHOD  OF   OONWJCTrirG  TEST. 

The  charge  of  explosive  used  in  an  experiment  is  0.02  grams  (0.31 
grains) .  This  quantity  is  Weighed  on  a  balance,  immediately  wrapped 
up  in  tin  foil,  and  placed  in  a  desiccator  (which  contains  no  desic- 
cating material),  by  which  it  is  protected  from  the  air  and  in  which 
it  is  stored  and  transported  until  used.  The  pellet  containing  the 
explosive  is  in  the  form  of  a  flat  disk,  having  a  diameter  of  1  centi- 
meter (0.394  inch). 

In  operating  the  machine  the  hammer  is  raised  to  a  known  eleva- 
tion, the  height  chosen  being  selected  by  judgment.  The  stamp  is 
lifted,  the  explosive  is  transferred  from  its  tin-foil  envelope  and 
placed  upon  the  anvil,  and  the  stamp  is  gently  pressed  down  upon 
it,  so  as  to  insure  a  good  contact  of  the  explosive  with  the  surfaces 
of  the  anvil  and  stamp,  and  so  as  to  hold  the  explosive  in  place. 
The  explosive  is  allowed  to  remain  in  this  position  for  a  sulEcient 
length  of  time  to  acquire,  by  heating  or  cooling,  a  temperature  of 
25**  C.  (77®  F.),  which  is  the  temperature  at  which  these  tests  are 
regularly  made  at  the  Pittsburgh  testing  station.  The  hammer  is 
then  allowed  to  fall.  If  no  explosion  occurs,  the  weight  is  raised 
to  successively  greater  heights  imtil  an  explosion  is  effected  or  the 
maximum  range  of  the  machine  is  reached.  If  explosion  does 
occur,  successive  samples  of  the  explosive  are  tested  at  succes- 
sively lower  initial  heights  of  fall*    Proceeding  thus  tentatively,  a 
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he^t  of  fall  is  reached  such  that  no  explosion  follows  impact,  and 
yet  if  the  hammer  be  raised  only  1  centimeter  aboTe  tins  height 
an  explosion  does  follow  impact.  The  lesser  of  these  two  he^ts 
is  styled  the  maximum  no-explosion  height.  This  observation  is 
confirmed  by  four  additional  trials.  Should  an  explosion  occur 
in  these  confirmatory  trials,  the  test  is  repeated  by  chooeing  a  maxi- 
mum no-^xplosion  h«ght  1  centimeter  less  than  before,  and  endeaTor- 
ing  to  coi^rm  this  hdght  by  the  four  additional  trials. 

After  eviery  trial  the  anvil  and  stamp  are  t^iorougUy  oleaned  and 
a  fresh  sample  is  used  for  the  next  trial.  As  the  anvil  is  hard  and  the 
stamp  comparatively  soft,  all  of  the  wear  due  to  impact  and  explosion 
is  on  the  stamp.  A  few  drops  of  the  hammer  suffice  to  cac»e  t^e 
face  of  the  stamp  to  become  flared  and  pitted.  The  stamp  is  tiiiere- 
fore  removed  and  trued  up  by  turning  and  grinding. 

THB  BICHBL  PBESSUBE  OAQE. 

Tlie  Bidiel  pressure  gage  is  employed  to  determine  the  maadmum 
pressure  that  an  explosive  would  exert  if  exploded  or  dtot<iaated  in 
a  qMtce  that  it  fills  completely,  all  of  the  heat  set  free  by  the  chemical 
reactions  that  take  place  being  retained  by  the  products  of  the 
explosion.  This  is  a  condition  that  never  exists  in  praotioe,  for  a 
portion  of  this  heat  is  always  communicated  to  the  walls  of  the 
inclosure  in  which  the  explosive  is  fired.  As,  however,  the  portion 
of  tiie  heat  that  is  thus  communicated  is  variable,  it  becomtes  neces- 
sary, in  order  to  directly  compare  the  different  explosives  tested 
with  one  anothw,  to  assume  ti^oretical  conditions  and  to  provide 
mesns  by  which  they  may  theoretically  be  attained.  Even  in  the 
case  where  the  material  and  cubical  content  of  the  chambers  in 
which  the  explosives  are  fired  b  the  same  the  pressures  vary  with  the 
extent  of  the  surface  exposed  in  the  chambers  owing  to  the  varying 
quantity  of  heat  absorbed  by  the  materials  of  which  the  chambers 
are  composed.  By  varying  to  a  known  extent  the  areas  of  the 
confining  surfaces,  it  is  possible  to  measure  the  heat-absorbing  effect 
of  surfaces  of  known  area,  and,  by  combining  this  measurement  with 
the  recorded  pressure,  to  estimate  the  total  dynamic  effect  of  the 
charge  of  the  explosive  tested.  The  result  thus  obtamed  is  styled 
the  maximum  pressure  of  the  explosive  in  its  own  volume,  a  ^rase 
whif^  assumes  the  existence  of  purely  theoretical  conditions. 

This  iqpparatus  also  affords  a  means  for  the  collection  and  examina- 
tion, by  chemical  and  physical  methods,  of  the  gaseous,  liquid,  and 
solid  pnoducts  of  the  chanical  reactions  that  take  place  when  the 
different  explosives  are  fired  within  it. 

The  essential  features  of  the  apparatus  used  are  the  cylinders  in 
which  the  explosive  is  fired,  the  instruments  by  which  the  pressure 
developed  in  these  cylinders  is  recorded,  and  the  device  by  which 
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the  heat  distribution,  or  dissipation,  is  ascertained;  but  many 
accessories  are  needed  to  render  the  apparatus  operative  for  the 
purpose  intended. 

The  apparatus  actually  employed  consists  of  two  stout  cylinders, 
one  of  which,  styled  No.  1,  has  an  interior  volume  of  15  liters  (915.345 
cubic  inches)  and  the  other,  styled  No.  2,  an  interior  volume  of  20 
hters  (1,220.46  cubic  inches).  These  cylinders  are  made  of  cast 
steel  12.5  centimeters  (4.92  inches)  in  tUcknees.  The  heads  of  the 
cylinders  are  provided  with  gaskets  made  of  lead,  and  are  secured 
in  place  by  12  heavy  stud  bolts  and  an  iron  yoke,  as  shown  in  Plate 
IV,  B.  The  smaller  of  the  two  cyhnders  has  an  exterior  length  of 
31.5  inches  (80  centimeters),  an  exterior  diameter  of  19.75  inches 
(50.2  centimeters),  an  interior  length  of  19  inches  (48.3  centimeters), 
and  an  interior  diameter  of  7.875  inches  (20  centimeters).  The 
larger  of  the  two  cylinders  has  an  exterior  length  of  31  inches  (78.7 
centimeters),  an  exterior  diameter  of  19.75  inches  (50.2  centimeters), 
an  interior  length  of  25.25  inches  (64.1  centimeters),  and  an  interior 
diameter  of  7.875  inches  (20  centimeters).  A  system  of  sheaves  and 
suspended  counterweights  is  provided  to  aid  in  detaching  the  heavy 
heads  from  the  cylinders  and  mounting  them  upon  the  specially 
designed  wagons  so  that  access  may  readily  be  had  to  the  interiors 
of  the  cylinders. 

As  the  air  is  practically  excluded  from  a  bore  hole  in  coal  or  rock 
when  it  is  filled  with  a  charge  of  explosive,  these  conditions  must  neces- 
sarily be  simulated  in  experimental  tests.  Therefore  the  air  is  almost 
entirely  removed  from  these  cylinders  when  explosives  are  fired  in 
them.  This  is  done  by  pumping  out  the  air  until  its  pressure  within 
the  cylinder  is  reduced  to  10  millimeters  (0.3937  inch)  of  mercury. 

To  accomplish  this  reduction  of  pressure  a  well-glanded  tube  is 
inserted  in  a  hole  bored  in  an  upper  segment  of  each  cylinder  near 
one  end,  and  this  tube  is  connected  with  a  rotary  vacuum  air  pump 
driven  by  a  2-hor8epower  motor.  With  the  device  used,  only  a  few 
moments  are  required  to  reduce  the  pressure  in  either  cylinder  to  the 
desired  extent.  The  connecting  tube  is  provided  with  a  valve  which, 
when  closed,  excludes  the  outside  air  from  the  cylinder. 

In  the  upper  segment  of  the  cylinder  on  the  end  opposite  from  the 
exhaust  tube  there  is  a  second  opening  which  accommodates  the 
insulated  plug  that  provides  a  means  for  conducting  the  electric 
current  to  the  electric  detonator  and  also  prevents  air  entering  the 
gage  while  it  is  being  exhausted  or  gases  escaping  after  the  explosive 
has  been  fired  and  while  a  considerable  pressure  exists  within  the 
cylinder. 

A  third  perforation  is  made  in  the  top  of  each  gage  and  a  properly 
glanded  tube  inserted  in  this  aperture  is  provided  with  a  piston 
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0.3937  centimeter  (0.1550  inch)  in  diameter  which  can  be  moved  up 
and  down  within  the  tube  and  is  resisted  by  a  spring.  Two  different 
springs  have  been  used  at  the  Pittsburgh  testing  station.  One  of 
them  exerts  a  pressure  of  1  kilogram  per  square  centimeter  (14.22 
pounds  per  square  inch)  for  each  0.4  millimeter  (0.015748  inch)  of 
its  pencfl  movement  and  the  other  for  each  0.56  millimeter  (0.022047 
inch)  of  its  pencil  movement.  Careful  record  of  the  spring  used  and 
its  effect  is  noted  in  each  experiment  made. 

A  stylus  is  mounted  on  one  end  of  a  lever,  the  other  end  of  which 
is  fastened  to  the  upper  end  of  the  stem  of  the  piston  in  such  manner 
that  while  free  to  move  vertically  it  shall  remain  in  the  same  vertical 
plane  so  long  as  the  gases  generated  in  th^  cylinder  exert  pressure 
upon  the  piston. 

In  testing  this  apparatus  many  different  kinds  of  oil  were  used  as 
lubricants  about  the  piston,  with  the  result  that  it  was  found  that 
the  inertia  effects  of  the  piston  and  the  vibration  effects  in  the  spring 
were  most  completely  eliminated  when  a  heavy  oil  was  used.  Hence, 
in  all  the  tests  reported  in  this  bulletin  heavy  cylinder  oil  at  room 
temperature  was  used. 

Attached  to  the  upper  part  of  each  gage  and  to  the  rear  of  the 
piston  rod  bearing  the  stylus  is  a  support  carrying  a  drum  on  which 
is  a  paper  ribbon.  This  drum  is  mounted  so  as  to  rotate  horizontally 
about  a  vertical  axis.  The  mechanism  by  which  the  drum  is  rotated 
is  geared  to  an  electric  motor  which  runs  at  a  constant  speed,  and  by 
means  of  a  speed  counter  the  rate  of  rotation  of  the  drum  is  accurately 
measured.  Hence  the  curve  drawn  upon  the  indicator  card,  or 
paper  ribbon,  may  be  resolved  with  accuracy  into  its  components 
of  horizontal  translation  of  the  card  and  vertical  elevation  of  the 
stylus  at  the  different  periods  throughout  the  explosion.  Usually 
the  drum  is  rotated  at  a  speed  of  412  revolutions  per  minute. 

Cylinder  No.  2  is  constructed  in  the  same  manner  and  fitted  with 
similar  appliances,  but  it  is  further  provided  with  four  solid  cast- 
steel  cylinders,  which  may  be  introduced  into  it  at  will  so  as  to 
reduce  the  volume  of  the  chamber  while  varying  its  cooling  surface. 
The  largest  of  these  cylinders  is  17.78  centimeters  (7  inches)  in 
diameter  and  20  centimeters  (7.875  inches)  in  height.  The  others 
are  each  17.78  centimeters  (7  inches)  in  diameter  and  6.67  cen- 
timeters (2.625  inches)  in  height.  Pressure  gage  No.  1  has  a  cool* 
ing  surface  of  3,914  square  centimeters  (607.8  square  inches). 
When  the  large  steel  cylinder  is  inclosed  in  it  pressure  gage  No.  2 
has  a  cooling  surface  of  6,555  square  centimeten  (1016.0  square 
inches),  and  when  the  three  small  steel  cylinders  are  inclosed  in  it 
the  gage  has  a  cooling  surface  of  7,624  square  centimeters  (1181.7 
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square  inches).  In  caJculobing  the  reaulta 
from  the  obaerred  data,  theae  cooling  sur- 
faces sre  respectively  de8Jgnat«d  A,  B,  a^id  C 
ia  Ute  order  enumerated  above. 

In  the  center  of  each  gage  there  ia.  a  amall 
wire  support  upon  which  the  cartridge  of  ex- 
plosive is  laid,  thus  preventing  tha  destruo- 
tivft  eSeete  on  the  walk  of  the  gage  which  an 
explosive  exerts  when  it  detonates  in  contact 
with  a  surface. 

METHOD   or    CONDUCTING'  TEST. 

The  charge  of  explosive  used  is  100  or  200 
grams  (3.53  or  7.05  ounces),  according  to  the 
character  of  the  explosive  as  ascertained  from 
K     a  chemical   analysis  of   the  substance  and 
B     from  the  previous  tests  in  othw  apparatus. 
I     For  this  test  the  explosive  is  removed  from 
&    its  original  wrapper  and  is  wrapped  in  an  en- 
I     velope  of  tin  foil  in  such  a  manner  that  its 
^    specific  gravity  is  the  same  as  when  it  was 
I     contained  in  its  original  wrapper. 
I         The  head  of  the  cylinder  is  now  removed. 
I     One  leg  of  a  No.  7  electric  detonator  is  fas- 
J     tened   to  the  wire  that  passes  through  the 
<^     insulated  plug  on  the  upper  segment  of  the 
*     cylinder  and  the  other  leg  is  grounded  to 
I     tlie  gage  through  the  iron  support  with  which 
*^     it  is  in  contact.    The  detonator  is  inseo-ted  and 
secured  in  the  cartridge  «id  the  cartridge 
laid  upon  the  wire  support.    The  head  of 
the  cylindOT  is  then  replaced.     The  cylinder 
is  now  exhausted  until  the  internal  pressure 
equals  10  miUimeters  of  mwcury,  and  the 
motor  which  operates  the  drum  is  set  in  revo- 
lution.   When  everything  is  ready  the  charge 
is  iired  by  an  clecbric  firing  device  and  the 
indicator  record  is  taken. 

Three  such  tests  are  made  in  pressure  gage 
No.  1,  and  the  average  result  of  these  is  ac- 
cepted as  the  pressure  existing  whan  cooling 
surface  A  ia  present.  Three  similar  testa 
are  made  witli  coolmg  surface  B  and  with 
cooling  surface  G  in  pressure  gage  No,  2. 
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One  of  tiie  indicator  cu'ds  obtained  is  ittustirated  in  figure  4,  where 
the  line  M-N,  through  a  portion  of  its  length,  indicates  the  fall  of 
pressure  in  the  gage  caused  by  the  cooling  of  the  confined  gases. 
Extending  this  line  to  the  point  marking  the  moment  of  explosion 
of  the  charge  affords  only  a  partial  correction  for  error  in  the  pressure 
reading  due  to  the  cooling  of  the  gasee. 

However,  on  inspection  of  figure  6  it  is  noted  that  as  the  area  of 
tiie  cooling  surface  is  increased  the  recorded  pressure  is  decreased, 
and  this  suggests  that  the  effects  of  the  cooling  surfaces  may  be  elim- 
inated and  the  maximum  pressure  i^  each  case  determined  by  plat- 
ting the  pressures  t^ainst  the  cooling  surfaces.  An  inspection  of  the 
average  pressures  obtained  by  this  method  shows  that  the  points  do 
not  he  in  a  straight  line.    It  therefore  becomes  necessary  to  devise 


a  formula  by  which  to  properly  proportion  the  probable  errors  be- 
tween these  graphic  results.  The  formula  adopted  and  used  at  the 
Pittsburgh  testing  station  in  the  preparation  of  the  results  set  forth 
in  this  bulletin  is  derived  as  follows: 

Let  A^the  preeaure  developed  vitb  cooling  audsoe  A. 
B^the  praasuro  developed  with,  cooling  surface  H. 
C=th«  preaeute  developed  with  cooling  Burfttco  C. 
z=the  preesute  with  eliminatioD  of  suiface  influence  \mng  A  and  B. 
;i=the  piMBUra  with  elimination  of  suiface  inAueoce  umn^  B  and  C. 
zntbe  pieaeuie  with  elinunKtion  of  Hurfnce  inAu«Dce  usmg  A  and  C. 
P'^tha  proBvuie  with  eliioiiuttlan  of  surf&i.'a  influQace  and  pnolMible  cnor. 
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Then  hj  similar  triangles  (see  fig.  5) : 

6,555  (A-B) 
^"       2,641 

7,624  (B-C) 
^^  1,069 

^  ^7,624  (A-C) 
'»  3,710 

Then,  averaging  x,  y,  and  z,  giving  each  a  value  proportional  to  the 
difference  in  cooling  surface  between  the  points  from  which  each  is 
derived,  and  simplifying,  gives  P«1.911A  +  0.5B  — 1.411C. 

This  pressure,  P,  divided  by  the  charging  density,  which  is  defined 
as  the  volume  of  the  charge  divided  by  the  volume  of  the  gage,  gives 
the  maximum  pressure  of  the  explosive  in  its  own  volume  after 
elimination  of  cooling-surface  influence. 

To  simplify  the  computing  of  the  pressure  in  its  own  volume,  the 

formula  Mg»  ^  is  adopted,  in  which  M  represents  the  pressure  ex- 
erted by  an  explosive,  measured  in  kilograms  per  square  centimeter, 
when  the  explosive  is  exploded  in  its  own  volume;  V,  the  volume  of 
the  gage  in  cubic  centimeters  (this  is  always  15,000) ;  S,  the  apparent 
specific  gravity  of  the  cartridge  as  determined  in  the  physical  exami- 
nation; and  W,  the  weight  of  the  charge  in  grams. 

METHOD  OF  COLLECTING    PBODUCTS. 

As  has  been  stated,  the  Bichel  pressure  gage,  by  retaining  the 
products  of  the  explosive  reaction,  affords  a  means  through  which 
samples  of  the  solid,  liquid,  and  gaseous  products  may  be  taken  for 
analysis  and  investigation,  and  through  which  the  total  quantity  of 
matter  in  each  of  these  states  may  be  measured. 

For  this  purpose  a  200-gram  chaise  of  the  explosive  is  fired  in 
pressure  gage  No.  1.  The  method  followed  in  preparing  and  firing 
the  charge  is  the  same  as  that  employed  in  making  the  determination 
of  the  pressure,  except  that  a  Bourdon  gage  is  substituted  for  the 
regular  indicator  mcchamsm,  and  that,  before  firing,  the  Bourdon 
gage  is  isolated  from  the  chamber  of  the  cylinder  by  closing  the 
stopcock  intervening  between  them.  After  the  explosion  the  system 
is  allowed  to  remain  in  this  condition  until  the  products  of  the  com- 
bustion have  cooled  down  to  room  temperature.  When  the  gage 
no  longer  shows  a  decrease  of  pressure  due  to  cooling  of  the  gas  the 
recorded  pressure  is^  noted.  At  the  same  time  the  barometer  is  read 
and  with  the  data  for  temperature,  gage  pressure,  barometric  pres- 
sure, Bud  vuAiiBD  (which  is  always  15  liters)  the  volume  of  the  gases 
and  vapors  at  0^  C.  (32^  F.)  and  at  a  pressure  of  760  nullimeterB  (29.92 
inches)  of  mercury  is  calculated. 
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The  sample  taken  of  the  gases  and  vapors  is  drawn  out  through 
the  valve  to  which  the  air  pump  was  attached.  It  is  allowed  to  escape 
from  the  gage  slowly  by  cracking  the  valve,  and  a  200  cubic  centi- 
meter sample  is  collected  over  mercury  in  such  a  manner  that  a 
differential  sample  is  taken  during  the  entire  time  of  the  escape  of  the 
gases.  In  collecting  the  sample  the  mercury  in  the  aspirator  is 
allowed  to  run  out,  and  the  gases  and  vapors  which  follow  it  are  drawn 
off  until  the  pressure  within  the  Bichel  gage  is  reduced  to  that  of  the 
atmosphere.  The  sample  of  gases  and  vapors  is  necessarily  a  differ- 
ential one,  as  it  is  drawn  slowly  and  continuously  while  the  pressure 
in  the  gage  is  constantly  changing. 

To  collect  and  measure  the  liquid  and  solid  products  of  the  reaction, 
the  head  of  the  cylinder  must  be  removed.  The  liquid  products  are 
then  drawn  off  into  a  measuring  vessel,  and  the  solid  products  are 
scraped  out  and  measured,  preferably  by  weight.  Of  course,  this  is 
a  rough  way  of  reaching  the  result,  since,  among  other  difficulties, 
secondary  reactions  may  take  place  as  soon  as  the  air  strikes  the 
products,  and  the  material  collected  may  not  be  identical  with  that 
inmiediately  resulting  from  the  reaction.  However,  no  better  method 
appears  yet  to  have  been  devised.  The  methods  employed  for  analyz- 
ing these  products  and  for  ascertaining  the  effects  of  the  tin-foil 
wrapper  and  the  components  of  the  detonator  on  the  character  and 
proportions  of  the  components  of  the  reaction  products  will  be 
described  elsewhere. 

THE  CALOBDCETBB. 

The  calorimeter  and  accessories  used  at  the  Pittsburgh  testing  station 
are  illustrated  (p.  102)  in  Plate  VI,  B.  The  calorimeter  is  designed  to 
measure  the  quantity  of  heat  set  free  by  the  explosion  or  detonation 
of  a  known  quantity  of  an  explosive.  It  is  constructed  on  the  princi- 
ples usually  followed  in  calorimeters,  by  which  the  chemical  reaction 
is  carried  on  between  the  reacting  bodies  while  they  are  immersed  in 
a  mass  of  water  of  known  weight,  the  temperature  of  which  is  raised 
by  receiving  the  heat  set  free  by  the  reaction.  The  difference  between 
the  evolution  of  the  heat  in  an  explosion  or  detonation  and  that  in 
simple  combustion,  as,  for  instance,  in  the  combustion  of  coal,  is  one 
of  time  only,  the  rapidity  of  the  reactions  in  explosion  or  detonation 
being  greater  than  in  simple  combustion. 

The  apparatus  employed  consists  of  a  steel  bomb  in  which  the 
explosion  takes  place;  a  vessel  for  holding  a  measured  quantity  of 
water  in  which  this  steel  bomb  is  immersed;  a  wooden  tub  or  cylinder 
which  supports  this  immersion  vessel  and  also  insulate  it;  a  stirring 
device  by  which  the  water  in  the  immersion  vessel  is  so  stirred  as  to 
distribute  the  heat  evolved  throughout  the  mass  of  water  about  the 
bomb  so  as  to  produce  a  uniform  thermal  condition;  a  thermometer 

2406**— Bull.  15—12 8 


110  EXPLOSIVES  USED  IN  COAIj  MINES. 

registering  a  variation  of  0.001^  C;  a  magnifying  glass  by  which  the 
divisions  on  the  thermometer  may  be  read;  a  pair  of  scales  on  which 
the  parts  of  the  system  and  the  water  used  may  be  accurately  weighed; 
and  a  frame  by  which  the  bomb  loaded  with  its  charge  of  explosive 
may  be  raised  and  deposited  in  place. 

The  calorimeter  bomb  is  made  of  wrought  steel  0.5  inch  (12.7  milli* 
meters)  in  thickness  and  is  bottle-shaped.  It  is  30  inches  (76  centi- 
meters) in  height  and  9.5  inches  (24  centimeters)  in  interior  diameter 
in  its  cylindrical  section.  It  weighs  158  pounds  (72  kilograms),  has 
a  capacity  of  30  liters  (1,831  cubic  inches),  and  is  closed  by  a  cap 
which  makes  an  air-tight  fit.  Two  f-inch  (15.9-millimeter)  holes 
are  tapped  into  this  bomb  on  opposite  sidas  of  the  neck,  near  the  top. 
A  f-inch  (15.9-milIimeter)  valve  is  screwed  and  sealed  into  one  side 
of  the  neck  and  is  connected  by  means  of  a  f-inch  (15.9-millimeter) 
pipe  and  flexible  rubber  hose  with  a  vacuum  pump  through  which 
the  pressure  within  the  bomb  may  be  reduced  to  10  millimeters  (0.4 
inch)  of  mercury.  On  the  side  of  the  neck  opposite  that  into  which 
the  exhaust  valve  is  inserted  is  an  opening  through  which  the  plug 
carrying  the  detonator  and  one  of  its  legs  is  sealed,  the  other  leg  of 
the  detonator  being  grounded  to  the  bomb  by  means  of  an  iron  wire 
so  looped  that  it  can  be  firmly  wedged  within  the  nipple  of  the  valve. 

The  immersion  vessel  is  made  of  nickel-plated  copper  -^  inch 
(1.6  millimeters)  thick.  It  is  30f  inches  (78  centimeters)  deep,  17} 
inches  (45  centimeters)  interior  diameter,  and  is  strengthened  by 
means  of  bands  of  copper  wire  wound  upon  the  outside.  The  capacity 
of  this  immersion  vessel  is  7,750  cubic  inches  (127  liters). 

The  wooden  tub  or  cylinder  in  which  the  immersion  vessel  is  placed 
is  made  of  wooden  staves  1  inch  (2.5  centimeters)  in  thickness  and 
is  strengthened  by  means  of  four  brass  hoops  on  the  outside  of  the 
cylinder.  The  vessel  has  an  internal  diameter  of  21  inches  (53  centi- 
meters) and  a  depth  of  33  inches  (84  centimeters). 

The  stirring  device  consists  of  a  wooden  frame  supporting  three 
steel  rings,  which  are  joined  together  by  rods  and  stays.  When  this 
is  adjusted  to  the  calorimeter,  the  rings  fit  into  the  annular  water- 
filled  space  between  the  bomb  and  the  inner  wall  of  the  immersion 
vessel,  while  the  exterior  rods  of  the  wooden  frame  run  in  guides 
fastened  to  the  exterior  of  the  wooden  tub  and  serve  as  guide  rods 
when  the  stirring  device  is  raised  and  lowered  by  the  electric  motor 
and  worm  gear  which  actuates  it. 

When  the  parts  of  the  calorimeter  are  assembled  the  steel  bomb  is 
supported  on  a  steel  frame  resting  on  the  bottom  of  the  immersion 
vessel.  Likewise  the  immersion  vessel  is  insulated  by  means  of  a 
wooden  support  placed  upon  the  bottom  of  the  tub  on  which  the 
immersioii  vessel  rests.    When  the  apparatus  is  in  use  the  top  of  the 
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tub  IS  covered  with  a  snugly  fitting  board  cover  to  reduce  the  loss  of 
heat  from  the  system  through  radiation. 

As  stated,  the  amount  of  heat  given  off  by  the  chemical  reactions 
going  on  in  the  calorimeter  is  measured  by  the  rise  in  temperature  of 
the  water  in  which  the  bomb  is  immersed.  If  the  water  absorbed 
all  the  heat  set  free,  the  total  number  of  heat  units  evolved  could  be 
easily  determined  from  the  weight  and  rise  in  temperature  of  the 
water.  But  manifestly  the  material  of  the  bomb,  the  stirring  de- 
vice, the  inunersion  vessel,  and  the  thermometer  will  each  absorb 
some  of  the  heat,  the  quantity  thus  absorbed  being  dependent  in 
general  on  the  mass  and  specific  heats  of  the  material  in  each  of  these 
devices.  It  is  necessary,  therefore,  to  ascertain  in  advance  the 
amoimt  of  heat  that  is  tsken  up  in  this  manner,  and  for  convenience 
the  result  is  stated  in  terms  of  the  mass  of  water  which  is  thermally 
equivalent  to  the  mass  of  this  other  material.  The  result  thus  stated 
is  styled  the  water  equivalent  of  the  calorimeter.  The  water  equiv* 
alent  found  experimentally  for  this  calorimeter  is  11.55  kilograms 
(25.46  pounds).  Furthermore,  a  certain  amount  of  heat  is  evolved 
by  the  detonator  when  it  is  exploded,  some  of  which  is  taken  up  by  the 
tin-foil  wrapping.  Therefore,  the  heating  effect  of  the  detonator  is 
also  determined.  The  No.  7  detonators  used  at  the  Pittsburgh  testing 
station  develop  0.86  calorie. 

Another  effect  to  be  noted  in  calorimetric  work  is  the  loss  of  heat 
by  radiation  into  the  atmosphere  when  the  air  is  at  a  lower  tempersr 
ture  than  the  system  or  the  gain  of  heat  from  the  atmosphere  when 
the  latter  is  at  a  higher  temperature  than  the  apparatus.  To  prevent 
any  marked  changes  due  to  atmospheric  influences,  the  calorimeter 
is  installed  in  a  small  insulated  room  in  building  No.  17,  and  then, 
before  firing,  the  temperature  of  the  water  is  brought  closely  to  that 
of  the  room.  As  the  weights  of  explosive  used  and  water  taken  are 
such  that  the  final  change  in  temperature  of  the  water  is  less  than 
1.6®  C.  (2.7**  F.),  the  error  from  this  source  is  small,  but  it  is  corrected 
in  the  data  tabulated  under  ''rise  in  temperature." 

METHOD  OF  CONDUCTING  TEST. 

The  explosive  is  carefully  removed  from  its  cartridge  so  as  to  pre- 
vent any  of  its  paraffin  coating  from  becoming  mixed  with  it  and  so 
as  to  retain  its  moisture  content  and  the  proportions  of  the  ingredi- 
ents of  the  mixture  intact.  A  carefully  weighed  charge  of  100  grams 
cff  the  explosive,  together  with  a  No.  7  electric  detonator,  is  then  en- 
veloped in  3.8  grams  of  tin  foil  so  as  to  form  a  cartridge.  This  car- 
tridge is  suspended  in  the  center  of  the  bomb  by  passing  one  of  the 
1^  of  the  detonator  through  the  side  plug  of  the  bomb  and  grounding 
the  other  leg  to  the  bomb  itself  in  the  manner  previously  described. 
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The  cap  of  the  bomb  is  then  screwed  firmly  into  place  so  as  to  make 
an  air-tight  joint,  and  the  air  within  is  exhausted  by  means  of  the 
vacuum  pump  described  under  the  Bichel  pressure  gages,  until  the 
pressure  within  the  bomb  is  reduced  to  10  millimeters  (0.4  inch)  of 
mercury.  The  bomb  is  placed  in  the  immersion  vessel,  which,  with 
the  tub,  thermometer,  and  stirrer,  is  resting  on  the  scales,  and  the 
weight  is  noted.  Water  is  then  poured  into  the  immersion  vessel 
until  the  bomb  is  totally  submerged,  when  the  whole  is  weighed  again, 
the  increase  in  weight  representing  the  added  water.  The  cover  is 
put  on  the  tub  and  the  stirrer  is  moved  up  and  down  until  the  tem- 
perature of  the  water  becomes  constant.  Then  the  charge  is  fired 
electrically,  and,  with  the  stirrer  still  in  operation,  the  rise  of  the 
mercury  in  the  thermometer  is  noted  up  to  the  maximum. 
In  all  computations  the  following  formula  is  used: 

C=10[T(W+We)-0.86] 

in  which  C= large  calories  developed  per  kilogram  of  explosive. 

T»rise  in  temperature  in  degrees  centigrade  after  correcting 

for  radiation. 
W= weight  of  water  in  calorimeter  in  kilograms. 
We = water  equivalent  of  calorimeter  in  kilograms. 
0.86= heat  evolved  by  a  No.  7  electric  detonator,  in  large 
calories. 
10 « number  of  100  grams  in  1  kilogram. 

The  following  data  from  a  test  are  given  in  full  to  show  what  obser- 
vations are  made  and  the  method  of  computing  the  result: 

Date:  April  9, 1909. 

Explosive:  Coalite  No.  2D. 

Observer:  Hopkins. 

Object:  To  determine  the  calorific  value  of  the  explosive. 

Chaige:  One  hundred  grams  in  3.8  grams  tin  foil. 

Diameter,  3.2  centimeters;  length,  10.2  centimeters;  volimie,  82.01  cubic  centi- 
meters. 

Electric  detonator:  No.  7.    Absolute  pressure:  10  millimeters. 

Temperature  of  room:  18^  C. 

KUograms. 

Weight  of  calorimeter  with  water 251. 58 

Weight  of  calorimeter  without  water 168. 12 

Weight  of  water 83.46 

Water  equivalent  of  calorimeter 11. 55 

Total  equivalent  water 96. 01 

Thermometer  used:  No.  24. 
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Heat  developed  by  a  No.  7  electric  detonator,  0.86  caloriee. 

Calorimeter  readings. 


Time. 


2L39p.m.. 
2.42  p.m.. 
2.45  p.m.. 
3L48p.m.. 
3.51  p.  mA 


TemjMf^ 
atuxe. 


19.583 
19.576 
19.574 
19.570 
19.570 


Differ- 
ence. 


0.007 
.002 
.004 
.000 


Time. 


S.07p.m.., 
3.12  p.m... 
3.17  p.m... 
3.22  p.m... 
3.27  p.m... 


Temper* 
atore. 


•a 

20.406 
20.406 
20.404 
20.402 
20.400 


Differ- 
enoe. 


0.836 
.000 
.002 
.002 
.002 


a  Chaige  ignited. 

7.2    X  0.002  =  0.014  correction. 
20.400+  0.0144=20.414. 
20.414 -19.570  =»    .844  ^0.  rise  in  temperature. 

95.01  X    •844  =80.19   large  calories  per  100  grams  of  explosive  and  detonator. 
80.19  —     .86    =79.33  large  calories  per  100  grams  of  explosive. 
79.33X10=793.3  large  calories  per  kilogram  of  explosive. 


SMAIX  LEAD  BLOCKS. 

The  test  with  small  lead  blocks  has  for  its  object  the  detennination 
of  the  compression  effect  which  detonating  explosives  produce  when 
they  are  detonated,  nnconfined,  in  close  contact  with  a  homogeneous 
substance  which  is  uniformly  compressed  by  impacts  or  pressures  of 
equal  magnitude.  Cylinders  of  lead  have  been  selected  for  these  tests 
because  the  results  obtained  with  them  can  in  a  measure  be  correlated 
^th  the  results  obtained  by  firing  gunpowder  and  similar  explosives 
in  confined  spaces,  such  as  the  chamber  of  a  gun,  for,  since  Rodman, 
in  1857,  applied  this  method  for  measuring  the  pressures  exerted  by 
explosives,  the  compression  test  as  modified  by  Woodbridge  and 
Noble  has  been  universally  used  as  a  measure  of  the  efficiency  of  ex- 
plosives in  gun  chambers. 

There  is,  however,  this  difference  between  the  conditions  which 
obtain  when  explosives  are  fired  in  closed  chambers  with  movable  pis- 
tons, like  a  gun  chamber  closed  by  its  projectile,  and  when  explosives 
are  detonated  in  the  open,  where  the  atmosphere  acts  as  the  movable 
piston,  namely,  that  the  mass  of  the  piston  in  the  latter  case  is  rela- 
tively very  small,  and  in  order  that  its  inertia  may  be  made  manifest, 
the  chemical  reaction  that  travels  through  the  mass  of  the  explosive 
must  proceed  at  a  relatively  high  velocity.  This  capacity  of  an 
explosive  to  produce  compression  or  disruption  when  it  explodes 
under  atmospheric  confinement  only  is  designated  as  the  percussive 
force  of  the  explosive,  and  is  manifest  only  in  those  explosives  in 
which  the  explosion  wave  travels  at  so  high  a  velocity  that  they  may 
be  styled  high  explosives.    • 


114  EXPLOSIVES  USED  IN  COAL  MIKES. 

METHOD  OF  CONDUCTING  TEST. 

The  lead  blocks  are  cylinders  1^  inches  (3.8  centimeters)  in  diameter 
and  2^  inches  (6.4  centimeters)  in  height.  They  are  placed  in  testing 
upon  a  rigid  support  composed  of  a  large  piece  of  steel  shafting, 
which  is  embedded  in  concrete.  The  standard  charge  of  explosive 
used  in  the  tests  is  100  grams  (3.5  oimces),  and  as  this  quantity  of 
explosive  when  detonated  would  deform  the  lead  cylinder  beyond  the 
possibility  of  accurate  measurement,  a  disk  of  annealed  steel  1} 
inches  (3.8  centimeters)  in  diameter  and  i  inch  (0.64  centimeter)  in 
thickness  is  placed  upon  the  cylinder  in  order  to  receive  the  immediate 
effect  of  the  impact.  The  lead  cylinder,  therefore,  records  only  the 
transmitted  effect  of  the  explosion. 

In  preparing  the  lead  cylinder  for  the  test  after  the  steel  disk  is 
placed  upon  it  a  strip  of  manila  paper  is  wrapped  about  and  beyond 
its  upper  end  and  secured  in  such  manner  as  to  form  a  container  for 
the  charge  of  the  explosive  to  be  fired.  The  cylinder  is  then  placed 
upon  the  anvil  or  rigid  support;  the  100-gram  (3.5-ounce)  charge  of 
the  explosive  to  be  tested  is  placed  in  the  container  on  the  upper  end 
of  the  lead  cylinder  in  such  a  manner  as  to  preserve  the  specific  grav- 
ity found  for  it  in  the  cartridges  in  which  it  is  offered  for  use;  a  No.  7 
electric  detonator  is  embedded  centrally  in  the  top  of  the  charge  of 
explosive;  and,  without  tamping,  the  charge  is  fired.  The  height  of 
the  lead  cylmder  after  the  firing  is  then  determined  with  precision,  and 
this  height  subtracted  from  the  height  of  the  cylinder  before  the  trial 
gives  the  compression  caused  by  the  explosion.  This  result  is  con- 
sidered a  measure  of  the  relative  percussive  force  of  the  explosive. 

Plate  YII,  A,  illustrates  an  unused  cylinder  and  disk  and  cylinders 
showing  the  various  d^rees  of  compression  produced  by  different 
explosives. 

THE  TRAJJZL  I2AI>  BLOCKS. 

The  Trauzl  test  measures  the  comparative  disruptive  power  of 
explosives  when  fired  under  moderate  confinement.  In  making  the 
test,  equal  weights  of  different  explosives  are  confined  in  bore  holes  of 
definite  dimensions,  made  in  lead  blocks  of  prescribed  character,  by 
means  of  a  fixed  quantity  of  stemming  and  when  thus  confined  are 
exploded  by  means  of  similar  detonators.  In  this  test  every  effort  is 
made  to  have  each  factor  aUke,  except  the  character  of  the  explosives 
which  are  being  compared.  The  measure  of  the  test  is  the  volume 
by  which  the  cavity  in  the  block  is  increased  because  of  the  pressure 
exerted  by  the  explosion  under  the  degree  of  confinement  to  which 
the  explosive  is  subjected  by  the  quantity  of  stemming  used,  and 
the  firmness  with  which  this  stemming  is  tamped. 

Cylindrical  lead  blocks  200  millimeters  (7.87  inches)  in  diameter  and 
200  millimeters  (7.87  inches)  in  height  are  used.    A  bore  hole  26 
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millimeters  (0.98  inch)  in  diameter  and  125  millimeters  (4.92  inches) 
in  depth  is  made  centrally  in  the  upper  part  of  each  block.  The 
blocks  are  cast  from  desilyerized  lead  of  the  best  quality.  Those  used 
in  the  tests  recorded  in  this  bulletin  were  all  made  from  one  mold  and 
the  same  kind  of  lead,  and  were  cast  xmder  identical  conditions,  so 
that  the  well-known  variations  which  occur  in  lead  from  different 
sources  and  as  cast  under  different  conditions  were  eliminated. 

The  material  used  in  stemming  was  Lake  Michigan  dune  sand  con- 
taining only  a  trace  of  moisture  and  of  such  fineness  that  it  passed 
through  a  30-mesh  screen  and  was  caught  on  an  80-mesh  screen. 
Fifty  cubic  centimeters  (3.05  cubic  inches)  of  this  sand  was  used  in 
each  test. 

The  tamping  of  this  stemming  is  effected  by  means  of  an  automatic 
tamping  device  which  operates  on  the  principle  of  an  automatic  center 
punch.  The  tamping  rod  used  has  an  area  of  284  square  millimeters 
(0.44  square  inch).  The  hammer  weighs  470  grams  (16.56  ounces) 
and  is  actuated  through  a  distance  of  285  millimeters  (11.22  inches) 
by  a  spiral  brass  spring  having  an  initial  tension  of  12.7  kilograms 
(27.94  pounds).  Tliis  spring  is  of  lO-gage  wire  (English  standard). 
It  has  an  outside  diameter  of  52.5  millimeters  (2.07  inches)^  a  height 
of  111  millimeters  (4.37  inches),  and  is  coiled  in  six  turns. 

Since  other  investigators  in  making  the  Trauzl  test  have  employed 
plates  and  yokes  of  iron  with  which  to  further  confine  the  charge, 
attention  is  called  to  the  fact  that  these  have  not  been  used  at  the 
Pittsburgh  testing  station.  In  the  preliminary  trials  it  was  f  oimd  that 
in  placing  a  yoke  the  charge  and  stemming  were  more  or  less  dis- 
turbed, and  that  therefore  the  initial  conditions  were  not  uniform. 

METHOD  OF  CONDUCTING  TEST. 

The  bore  hole  in  the  lead  cylinder  to  be  used  is  precisely  measured 
by  means  of  water  so  as  to  ascertain  its  volume  in  cubic  centimeters 
and  cubic  inches. 

The  explosive  is  carefully  removed  from  its  cartridge  or  container, 
especial  care  being  taken  when  the  explosive  is  packed  in  a  paraffined 
case  that  no  paraffin  is  mixed  with  the  explosive.  A  charge  of  10 
grams  (154  grains),  weighed  on  a  chemical  balance,  is  used,  and  this  is 
wrapped  in  a  piece  of  tin-foil  so  as  to  make  a  cartridge  25  millimeters 
(0.98  inch)  in  diameter  and  about  20  millimeters  (0.79  inch)  in  height, 
varying  with  the  density  of  the  explosive.  The  pieces  of  tin-foil  used 
as  wrappers  are  trapezoidal  in  shape,  the  sides  having  lengths  of  150 
and  130  millimeters  (5.9  and  5.1  inches)  and  the  width  being  70  milli- 
meters (2.8  inches).  A  No.  7  electric  detonator  is  placed  in  the  center 
of  this  charge  within  the  wrapper,  and  the  whole  is  inserted  in  the  bore 
hole  of  a  lead  cylinder.  Forty  cubic  centimeters  (2.44  cubic  inches) 
of  the  dry  sand  are  poured  into  the  bore  hole,  qaref  ully  disposed  about 
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the  legs  of  the  detonator,  and  tamped  by  10  blows  with  the  tamping 
device.  Then  10  cubic  centimeters  (0.61  cubic  mches)  more  of  the 
sand  is  poured  in  and  tamped  with  40  blows  from  the  tamping  device. 
The  loaded  block  is  then  placed  on  a  rigid  support,  the  temperature  is 
noted  to  make  sure  that  the  temperature  of  the  lead  block  is  15^  C. 
(77°  F.),  and  the  charge  is  fired.  The  cavity  in  the  block  is  then 
measured  with  water  from  a  calibrated  burette,  as  before,  and  thus 
the  increase  in  volume  is  ascertamed  with  precision. 

The  increase  in  the  size  of  the  cavity  in  a  lead  block  is  due  to  the 
combmed  effects  of  the  exploding  detonator  and  the  exploding  charge. 
As  it  has  been  found  that  the  No.  7  electric  detonator  when  fired  in 
these  blocks,  surroimded  only  by  dry  sand  tamped  as  described, 
increases  the  volume  by  5  cubic  centimeters  (0.31  cubic  inch),  the  effect 
of  the  detonator  may  be  readily  eliminated  from  the  data  given. 

The  appearance  of  lead  blocks  after  firing  is  shown  in  Plate  VII,  B. 

THE  BLASTXNO-POWDEB  SBPABATOB. 

The  blasting-powder  separator  (PI.  VII,  C)  is  used  in  determining 
the  relative  proportions  of  different  sized  grains  in  the  black  blastmg 
powders  supplied  for  use  in  coal  mines.  It  is  similar  in  form  and  con- 
struction to  those  used  in  some  mills  for  grading  the  grams  of  powder. 
In  constructing  the  device  care  was  exercised  to  introduce  no  steel  or 
iron  parts  which  might  come  in  contact  with  the  powder. 

The  apparatus  consists  of  a  rectangular  wooden  box  6  feet  10  inches 
long,  mounted  at  an  angle  of  Q*'  from  the  horizontal  on  a  wooden 
trestle.  The  box  is  provided  with  a  series  of  slots  on  its  inner  sides, 
into  which  screens  may  be  slipped.  The  screens  are  inserted  at  the 
upper  end  of  the  box.  A  wooden  hopper,  in  the  form  of  an  inverted 
truncated  pyramid  10  inches  (25.4  centimeters)  deep,  12  by  16  inches 
(30.5  by  40.6  centimeters)  on  the  base,  and  having  an  aperture  3.5  by 
1 J  inches  (8.9  by  3.2  centimeters),  is  mounted  on  the  upper  end  of  the 
box  above  the  set  of  screens,  the  top  of  the  hopper  being  about  6)  feet 
(1.98  meters)  above  the  floor.  It  is  provided  with  a  sliding  brass 
apron  to  regulate  the  feed. 

At  the  lower  end  of  the  inclined  wooden  box  is  a  series  of  vertical 
wooden  conduits,  each  being  connected  at  its  upper  opening  to  one  of 
the  screens.  Alongside  these  vertical  conduits  and  below  them  is  a 
series  of  wooden  bins,  in  which  the  separated  powder  grains  are 
received.  Each  vertical  conduit  is  connected  by  an  iuclined  lateral 
conduit  to  one  of  these  bms.  Each  bin  is  provided  with  a  sliding  gate 
on  the  side,  near  the  bottom,  so  that  the  grains  collected  in  the  bin 
may  be  removed. 

A  rod,  with  a  crank  on  its  end,  is  mounted  on  the  side  of  the 
frame  just  below  the  inclined  wooden  box,  and  this  rod  is  connected 
to  the  box  by  means  of  an  eccentric  device  which,  when  the  crank 
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is  turned,  causes  the  box  with  its  contents  to  move  to  and  fro 
laterally.  By  this  means  the  powder  is  so  shaken  as  to  spread  the 
grains  out  on  the  screens,  cause  them  to  pass  through  such  screens 
as  their  sizes  permit,  and  force  them,  when  they  can  not  pass  through 
a  screen,  to  travel  down  it,  and,  by  the  proper  conduit,  into  the 
proper  bin. 

llie  screens  consist  of  light  wooden  frames,  to  the  bottoms  of 
which  are  attached  the  meshed  material.  The  bottoms  of  the 
screens  having  the  coarse  meshes  consist  of  diagonally  perforated 
zinc  plates.  The  mesh  numbers  of  each  of  the  different  zinc  plates, 
perforated  with  circular  holes,  tc^ether  with  the  diameters  of  the 
holes  and  the  numbers  of  holes  per  square  foot  for  each  mesh  number, 
are  set  forth  in  the  following  table: 

Relation  between  tizea  of  black  bloiting  powder  and  separating  sieve. 


Diameter  of 

Diameter  of 

round  holes 

round  holes 

Slxeof 

In  aoreens 

in  screens 

grains. 

through 

on  which 

which  gntaiB 

gratais 

peas. 

ooUect. 

COO 

if  Inoh. 

If  inoh. 

CC 

}h)ch. 

finch. 

c 

Ilncb. 

4}  inch. 

F 

finch. 

1  inch. 

FF 

\  indi. 

]iln<^. 

FFF 

A  inch. 

A  inoh. 

FFFF 

A  inch. 

•A  fnch. 

a  Or  28-me8h  bolting  ok>th. 

In  operating  the  device  a  weighed  quantity  of  the  powder  is  poured 
into  the  hopper.  The  sliding  brass  apron  is  then  set  to  obtain  the 
desired  feed,  and  the  crank  is  turned  until  the  powder  is  all  separated 
and  the  different-sized  grains  gathered  m  the  different  bins.  The 
powder  from  each  bin  is  then  weighed  separately.  Obviously,  all  or 
as  many  of  the  screens  as  desired  may  be  used  in  any  given  test. 

BATE  OF  BXTBNINa  OF  SLOW  BXPLOSIVB6. 

The  test  for  rate  of  burning  of  slow  explosives  is  performed  under 
the  same  conditions  as  the  rate-of-detonation  test  in  that  the  car- 
tridge file  is  suspended  m  the  pit  outside  of  building  No.  17,  the  lead 
wires  to  the  electric  detonator  and  to  the  copper  interrupter  wires 
which  pass  transversely  through  the  explosive  are  coimected  in  the 
same  way;  and  also  in  that  the  Mettegang  recorder  is  used  to  record 
the  time  interval. 

The  explosive  is  placed  in  a  hydraulic  pipe  having  an  inside 
diameter  of  1^  inches,  one  end  of  which  is  filled  for  4  inches  and  the 
other  for  1  inch  with  plaster  of  Paris.  The  latter  end  is  the  one 
that  accommodates  the  electric  igniter  or  electric  detonator. 

The  copper  interrupter  wires  are  placed  1  meter  apart. 

Care  is  taken  that  the  density  of  the  explosive  is  normal. 


CHAPTER  V. 

RESUI/rS  OF  TESTS  WITH  PERMISSIBUB  EXPIiOSIVES. 

By  Clabbncb  Hall  and  S.  P.  Howbll. 


2BTNA  COAL  FOWDBB  A. 

Explosive,  iBtna  coal  powder  A. 
Clan,  nitroglycerin. 
Manufactured  by  the  iStna  Powder  Ck>. 
Physical  examination: 

Diameter  of  cartridge,  1)  inches. 

Length  of  cartridge,  8  inches. 

Avenge  weight,  205  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.24. 

Color  of  explosive,  bufif. 

Consistency,  mixed  fibrous  and  granular;  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date:  May  10, 1909. 

Unit  swing  on  this  date,  2.86  inches. 

Weight  of  chaige,  in  grams,  300,    300,    300 

Swing,  in  inches,  3.07,    3.09,    3.14. 

Average  swing,  in  inches,  3.10. 

3.10  : 2.86  :  :  300  :  (277). 
Therefore  the  unit  deflective  chaige  of  £tna  coal  powder  A  is  277  grams. 

Gas  and  Dust  Gallery  No.  1. 


> 

W«l£ht 

Methane 

Weicht 

Methane 

Data  (100»). 

and 

ReBiilt. 

Date  (1000). 

and 

Reeult. 

f. 

charge. 

ethane. 

charge. 

ethane. 

Tzsr  1. 

TzsrS. 

Omm». 

Percent. 

Oranu, 

Percent. 

May  10 

Do 

277 
277 
277 
277 
277 
277 
277 
277 
277 

m 

8.23 
8.23 
8.27 
8.25 
8.16 
8.06 
8.08 
8.14 
8.14 
7.96 

Noljmltklii. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

May  14. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tsar  4. 

277 
277 
277 

2n 

277 
277 
277 
277 
277 
277 

No  UmitUm. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Hay  11 

Do 

Do. 

Do. 

Do 

Do. 

Do 

Do. 

Test  2. 

Mayll 

Do 

277 
277 

4.24 

4.18 

NoUmltion. 

May  13 

Do 

1680 
1680 

4.12 
4.21 

NoUmitlon. 

Do 

277 

4.16 

Do. 

Do 

1680 

4.12 

Do. 

Do 

277 

4.06 

Do. 

May  14. 

1680 

4.06 

Do. 

Do 

277 

4.06 

Do. 

Do 

1680 

4.12 

Do. 

Do 

TH 

4.06 

Do. 

Do 

277 

4.06 

Do. 

Tbsi  5. 

Do 

zn 

4.06 

Do. 

Do 

277 

4.30 

Do. 

May  14. 

•  680 

2.11 

No  Ignition. 

Do 

277 

4.12 

Do. 
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RA.TB  OF  DbTONAHOK. 


Diameter  of  cartridge,  li  inches. 
Electric  detonator,  No.  7. 


Date  (1909). 


Distance. 

between 

spark  points. 


May  11. 
Iiajl2. 


MUUmeUn, 
11.16 
11.20 


Periphenl 
speed  of 
dram  per 
id. 


MtUn, 


43 
48 


Rate  of 
detanation 
per  second. 


Meun. 

8,867 
8,839 


Avenge  rate  of  detonation,  3,848  meteiB  (12,020  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1909). 

Hei«|itof 
photojpBph. 

Heiglitof 
iliane. 

Domtien 
distance. 

Duration 
of  flame. 

liaT22 

MiOUmtUn. 
22.00 
21.50 
22.00 

/ndket. 
27.79 
27.16 
27.79 

8.76 
9.60 
9.00 

a488 

Do 

.476 

Do 

.480 

Average  height  of  flame,  27,58  inches. 
Avenge  duntion  of  flame,  0.454  milliseconds. 


Date,  June  29, 1909. 


Impact  Test. 


Distance  of 

Nmnberof 
fsUs. 

Basalt. 

fiJL 

Number  of 
fsUs. 

Result. 

16 
20 

1 
1 
1 

1 

^.^^. 

28 
27 
27 
26 

1 
8 
1 
6 

Ezidosiflii. 
No  explosion. 

26 

do 

Ezidosiflii. 
No  explosioii. 

80 

Xxfilosim. 

The  maximum  heigjit  at  which  no  explosion  occurs  established  at  26  centimeten 
(10.24  inches). 

Explosion  bt  Intluxnce  Test. 

Weight  of  each  cartridge,  205  grams. 


Date  (1909). 

Distance 
sepanting 
oartrldSBS. 

1 

Result,  upper 
cartndfB. 

Date  (1909). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

7iinnl2 

Indket. 
0 
8 

7 

Exploded. 
Did  not  explode. 
Do. 

June  19 

Indket. 

7 
7 

Did  not  63q[ilode. 

Do 

Do 

•   Do. 

Do 

The  minimum  distance  at  which  no  explosion  occurs  established  at  7  inches. 
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Thborbtical  Maximum  Prbssurb  Dbvblopbd  in  Own  Volumb,  ab  Dbtbrminbd 

BY  BiCHBL  PrEBSUBE  GaOE. 

Indicator  spring,  0. 4  millimetersrl  kilogram  per  square  centimeter. 


Date  (1000). 

Charge. 

Specific 
gravity. 

Height  of 
curre. 

Pressure 
per square 
centimeter. 

Cooling 
surfftoe. 

Average 
pressure  per 

square 
centimeter. 

Jane  0 

Do 

Do 

Jli»¥»17. 

Oratiu. 
20O 
2UU 
200 
200 
200 
200 
200 
200 
200 

1.30 
1.30 
1.30 
1.26 
1.22 
1.22 
1.22 
1.22 
1.22 

MOUmHen. 
28.00 
28.50 
28.00 
26.50 
26.50 
26.88 
26.25 
25.00 
25.75 

Kilognvu. 
7a  00 
71.25 
70.00 
66.25 
66.25 
67.20 
65.62 
62.50 
64.38 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilognnu. 
7a42 

Do 

66.56 

June  18 

Do 

Do 

64.17 

Do 

P=1.911A+0.5B-1.411C=77.31kilo8  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.24.        Ws200  grams. 

VPS 
M=s-fY-=7,190  kilograms  per  square  centimeter  (102,259  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive. 

Date,  May  26,  1909. 

Orama. 
Solid 57.2 

Liquid  (water) 14. 0 

Gaseous 116. 8 

Large  Calories  Developed  bt  1  Kilogram  of  tbe  Ezflosivk. 
Charge,  100  grams. 


Date  (1900). 

Weight  of 
water. 

Riaein 
temperatoie. 

Heat  de- 
veloped per 
kUogFun. 

June  23 

KttogniM. 
82.13 
82.13 
82.13 

d823 
.786 
.783 

CtaloHet. 

762.4 

June  24 

727  7 

Do 

794.0 

Average  large  calories  per  kilogram  of  explosive,  738.3. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Height. 

Compres- 
sion. 

Date  (1909). 

Before  ex- 
plosion. 

Arter  ex- 
plosion. 

May  11 

MiUimeUn. 
63.6 
63.6 
63.6 

mmmetert. 
47.0 
48.2 
47.2 

MUUmeten. 
16.6 

"*_?  ••••••*• ••• 

Do 

16.3 

Do 

16.  S 

Average  compression.  16.0  millimeters  (0.63  inch). 
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Expansion  of  Bobb  H01.1  of  Tbauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1909). 

Volume  of  bore  hole. 

Expansion 

of 
borehole. 

Tempera- 
ture 
of  block. 

Before  shot 

After  shot 

June  29 ,.,.,,, ,.,..-^,^-,.-- 

OubkeeiM- 

62 
62 
62 

Cubic  eena- 

286 
284 
295 

Oubkeenti- 

224 
222 
283 

•c. 

29 

Do 

29 

July 

26 

•  ••"J ...........r..   ....... 

Average  expansion  of  bore  hole,  226  cubic  centimeters  (13.79  cubic  inches). 

ATNA  COAL  POWDBB  B. 

Explosive:  iBtna  coal  powder  B. 
Class:  Nitroglycerin. 
Manu&ictured  by  the  Mtn&  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1)  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  300  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.10. 

Color  of  explosive,  light-bufif. 

Consistency,  mixed  fibrous  and  granular;  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  May  10,  1909. 

Unit  swing  on  this  date,  2.86  inches. 

Weight  of  charge,  in  grams,  290,    290,    290 

Swing,  in  inches,  2.81,    2.74,    2.73. 

Average  swing,  in  inches,  2.76. 

2.76  :  2.86  :  290  :  (301). 
Therefore  the  unit  deflective  charge  of  £tna  coal  powder  B  is  301  grams. 

Gab  and  Dust  Gallery  No.  1. 


Welfht 

Methane 

Weisht    Methane 
01            and 

Date  (1909). 

and 

Rcnlt. 

Date  (1909). 

Result 

charge. 

ethane. 

charge,     ethane. 

TBirrl. 

TB0t3. 

Oravu. 

Per  cent. 

Oranu. 

Percent. 

May  11 

Do 

301 

aoi 
aoi 

301 

8.27 
8.00 
8.15 
8.00 

No  iimition. 

Do! 
Do. 

May  14 

Do 

Do 

Do 

301 
301 
301 
301 

No  loiition. 
Do. 

Do 

Do. 

May  12. 

Do. 

^Do 

301 
301 

8.00 
8.00 

Do. 
Do. 

Do 

Mayl7 

301 
301 

Do. 

Do 

Do. 

Do 

301 
301 
301 
301 

8.15 
8.16 
8.15 
8.07 

Do. 
Do. 
Do. 
Do. 

V 

Do., 

Do 

Do 

Txn4. 

301 
301 
301 
301 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Tin  2. 

May  12.: 

Do 

301 
301 

4.21 
4.12 

No.  ignition. 
Do. 

May  13 

Do 

«680 
0680 

4.17 
4.05 

No  ignition. 
Do. 

Do 

301 

4.12 

Do. 

Do 

a680 

3.95 

Do. 

Do 

301 

4.12 

Do. 

Do 

a680 

4.05 

Do. 

Do 

301 

4.05 

Do. 

Do 

a680 

4.12 

Do. 

Do 

301 

4.06 

Do. 

1 

Do 

301 

3.88 

Do. 

Test  5. 

Do 

301 

4.05 

Do. 

Do 

301 

4.06 

Do. 

May  13 

a680 

2.20 

No  ignition. 

Do 

301 

4.12 

Do. 

a  680  grams  or  more  were  used. 
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Rate  of  Dbtonahok. 


Diameter  of  cartridge,  1}  inchee. 
Electric  detonator,  No.  7. 


Date  (1908). 


Hay  13. 
Hajl4. 


DIstaaoe  be- 
tween spark 
points. 


MWimeten. 
14.00 
14.  eo 


Peripheial 
speed  of 
drum  per 
Id. 


Meien. 


43 
43 


Rate  of  de- 
tonation per 


MOen. 
3,071 
2,945 


Average  rate  of  detonation,  3,008  meters  (9,870  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1909). 


Height  of 
photograph. 


Height  of 
flune. 


Duratloa 
distanoe. 


DoFstkn 
of  flame. 


JmiBll. 
Do. 
Do. 


lammeUn. 
22.60 
22.00 
21.50 


28.42 
27.70 

27.15 


MOUmeUn. 

10.60 

8.25 

9.60 


a625 
.412 
.475 


Average  height  of  flame,  27.79  inches. 
Average  duration  of  flame,  0.471  milliseconds. 


Date,  June  29, 1909. 


Impact  Test. 


Distance  of 
teU. 

Number  of 
fills. 

Result. 

Distanoe  of 
taXL 

Number  of 
fikUs. 

B-Ut. 

CmUmOert. 
20 
15 
18 
19 

1 
1 
1 
1 

Explosion. 
No  explosion. 

dJ. 

Explosion. 

1 

CenUmtUrt. 
18 
17 
17 
16 

1 
1 

1 
5 

Explosion. 
Noexplosfton. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  16  centimeters 
(6.30  inches). 

Explosion  by  Inpluence  Test. 

Weight  of  each  cartridge,  208  grams. 


Date  (1900). 

Distanoe 
separating 
cartridgBS. 

Result,  upper  car- 

Date  (1909). 

separating 
cartridges. 

Result,  upper  car* 

June  ?1 

6 

4 
5 

Did  not  explode. 

Enloded. 

Did  not  explode. 

June  21 

Do 

*5 
5 

Did  not  explode. 

Do 

Do. 

Do 

The  minimum  distance  at  which  no  explorion  occurs  established  at  5  inches. 


BEST7LT8  OF  TESTS  WITH  PERMISSIBLE  EXPLOSIVES. 
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Thsobbtical  Mazhcum  Prbssubb  Dbybloped  in  Own  Volume  as  Detbbminbd 

BY  BiCHEL  PbESSUBB  GaGE. 

Indicator  spring,  0.4  millimetersl  kilogram  per  square  centimeter. 


D«te  (1909). 

Charge. 

Specific 
gravity. 

Height  of 

Pressore 
per  square 
centimeter. 

Cooling 
surfJBoe. 

ATerage 

prassore 

per  square 

jnnefi 

Oranu. 
200 
200 
200 
200 
200 
200 
200 
200 
200 

1.22. 

1.22 

1.22 

1.18 

1.18 

1.18 

1.18 

1.18 

1.18 

MUUmetert. 
26.88 
26.75 
26.50 
25.00 
25.00 
25.25 
24.75 
24.75 
24.75 

EUogramt. 
67.20 
66.88 
66.25 
62.50 
62.50 
63.12 
61. 8R 
61.88 
61.88 

A 
A 
A 

B 
B 
B 
C 
C 
C 

EUognfiu, 

Do 

66.78 

Do 

Jane  18 

Do 

62.71 

Do 

Do .• 

Jam  19 

61.88 

Do 

P=I.911A +0.53—1.4110=71.66  kilograms  per  square  centimeter. 

y=15,000  cubic  centimeters.        S»>1.10.        W=200  grams. 

VPS 
Ms-=»-s5,912  kilograms  per  square  centimeter  (84,083  pounds  per  square  inch), 

Pboductb  of  Combustion  fbom  200  Grams  of  thb  Explosiye. 


Date,  May  27,  1909. 


Orams. 
65.1 


Solid 

Liquid  (water) 15. 4 

Gaseous 103.9 

Large  Calories  Developed  bt  1  Kilogram  of  the  Explosive. 

Chaige,  100  grams. 


Date  (igOO). 


Jane  24. 

Do. 

June  25. 


Weight  of 
water. 


EUogravM. 
82.13 
82.13 
82.13 


RIaein 
temperature. 


0.820 
.826 
.818 


Heat  devel- 
oped per 
Ulogiian. 


CUorfet* 
7fi0.6 
764.3 
757.7 


Average  laige  calories  per  kilogram  of  explosive,  760.5 

Compression  of  Small  Lea1>  Blocks. 
Charge,  100  grams. 


Height. 

Compies- 

Date  (1900). 

BefoiB  ex- 
plosion. 

After  ex- 
plosion. 

Mayll 

MUUmeten. 
63.5 
63.5 
63.5 

MOUmaen. 
49.5 
49.8 
49.8 

MUUmelen. 
14.0 

Do 

13,7 

Do 

13.7 

Average  compression,  13.8  millimeters  (0.54  inch). 
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EXPLOSIVES  USED  IN  COAL  MINES. 


Expansion  of  Bobb  Hole  of  Tbauel  Lbad  Blocks 
Ghaigo,  10  grams. 


Date  (1909). 

Volume  of  bore  hole. 

Expansion 
of  bore  hole. 

Tempera- 
ture of 
block. 

Before  shot. 

After  shot. 

June  29 

Cubic  eetUi- 

meten. 

62 

02 

62 

Cuhkeenii^ 

fncten, 

248 

254 

268 

OuMceetM- 

meters, 

186 

192 

206 

29 

Do 

29 

July  28. 

25 

Average  expansion  of  bore  hole,  195  cubic  centimeters  (11.90  cubic  inches). 

"      CABBONITB  NO.  1. 

Explosive,  Garbonite  No.  1. 

Glass,  nitroglycerin. 

Manufactured  by  E.  I.  Du  Pont  de  Nemours  Powder  Go. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  300  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.33. 

Golor  of  explosive,  drab. 

Gonsistency,  granular,  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum. 

Date,  February  4,  1909. 

Unit  swing  on  this  date,  3.01  inches. 

Weight  of  charge,  in  grams,  260,    260,    260. 

Swing,  in  inches,  3.08    3.04,    2.95. 

Average  swing,  in  inches,  3.02. 

3.02  : 3.01  :  :  260  :  (259). 
Therefore  the  unit  deflective  charge  of  Garbonite  No.  1  is  259  grams. 


Gas  and  Dust  Gallery  No.  1 

Date  (fto9). 

Weight 
chiurige. 

Methane 
and 

Result. 

Date  (1909). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

TS8T  1. 
Feb.  9 

Orame. 
250 
2S9 
269 
259 
259 
250 
259 
259 
269 
250 

250 
260 
250 
250 
259 
259 
259 
269 
259 
289 

Percent. 
7.96 
7.97 
7.85 
8.37 
8.17 
8.09 
8.14 
8.02 
8.01 
8.06 

4.02 
3.95 
3.94 
3.95 
4.02 
4.09 
4.09 
4.41 
4.06 
4.15 

No.  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Tbrs. 
Feb.  6 

Oramt. 
259 
250 
250 
250 
260 
250 
250 
259 
250 
259 

0680 
0080 
0680 
0680 
0680 

0680 

Percent. 

No  IflUtion. 
Do. 

I>o 

Do 

Do 

Do 

Do 

Do 

Do 

Feb.  10 

Do 

Do 

Test  4. 

Mar  2    

Do 

Do. 

Do 

Do. 

Do 

Do, 

Do 

Do. 

Do     .    .. 

Do. 

Feb.  19 

Do. 

Do 

Do. 

Do 

Do. 

Test  2. 
Feb.  5 

4.10 
3.93 
4.03 
3.93 
4.18 

2.01 

No  Umltion. 
Do. 
Do. 
Do. 
Do. 

Do 

Do 

Do 

Do 

Do 

Feb.  6 

Do 

Do 

Do 

Do 

Test  5. 

Mar.  5 

Do 

Do 

No  Ignition. 

Do 

•  080  gniat  orxnoce  wwa  used. 


BJSSULTS  OF  TESTS  WITH  PEBMISSIBLfi  EXPLOSIVES. 
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Ratb  ov  Detonation. 


Diftmeter  of  cartridge,  1}  inches. 
Electric  detonator^  No.  6. 


Date(ig09). 

Dtetanoe 

between 

epark 

pointa. 

Perlphflral 
epeedof 

dram  per 
second. 

Rate  of 
detonatton 
per  second. 

Her.  20 

nmhneUn. 
12.63 
13.15 

MeUrt. 
43 
43 

Meten, 
3,406 
3,270 

Her.  23 

Average  rate  of  detonation,  3,338  meters  (10,950  feet)  per  second. 

Flamb  Test. 
Peripheral  speed  of  fihn,  20  meters  x>er  second. 


Date  (1909). 


Mar.  12. 

Mar.  10. 

Do. 


Height  of 
photograph. 


MttUnuUn. 
20.12 
19.75 
19.60 


Height  of 
flttboe. 


Incket. 
25.41 
24.95 
24.63 


Durattoo 
dietanoe. 


MOUmeUn. 
8.50 
8.63 
9.25 


Doratton 
of  flame. 


miUtfcondf. 

0.425 

.431 


Average  height  of  flame,  24.99  inches. 
Average  duration  of  flame,  0.439  milliseconds. 


Date,  February  5  and  6, 1909. 


Impact  Test. 


Distance  of 
feU. 

Nunberof 
falls. 

Reeolt. 

Distance  of 

Number  of 
falls. 

Reeult. 

Ottttifiutert, 
20 
15 
18 
17 
17 
16 
15 

1 
1 

1 
3 
1 
1 
1 

Exploeton. 
No  exploeton. 
Exploeton. 
No  exploeton. 
Exploeton. 

Do. 
No  exploeton. 

OtntHncttft. 
15 
14 
14 
13 
12 
11 
10 

1 
2 

Exploeton. 
No  exploeton. 
Exploeton. 

Do. 

Do. 

Do. 
No  exploeton. 

The  maximum  height  at  which  no  explosion  occurs  established  at  10  centimeters 

(3.94  inches). 

Explosion  bt  Inplubnce  Test. 

Weight  of  each  cartridge,  215  grams. 


Date  (1900). 

Distance 

SSS!S2f 
oarmuges. 

Result,  upper 
cartridge. 

Date  (1909). 

Distance 
separating 
cartrldgeB. 

Result,upper 
cartridge. 

v^r,n.. 

5  ' 
5 

7 
8 

Exploded. 
Do. 
Do. 
Do. 

Mar.25 

/itfket. 

10 

9 

9 

0 

Did  not  explode. 
Do. 

Do 

Do 

Do 

Do 

Do. 

Do 

Do 

Do. 

The  minimunt  distance  at  which  no  explosion  occurs  established  at  9  inoheR. 
2406**— Bull.  15—12 9 
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EXPLOSIVES  USED  IN  COAL  MINES. 


Thborbtigal  Maximum  Pressure  Developed  m  Own  Volume  as  Detbrminbd 

BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.56  millimeter =1  kilogram  per  square  centimeter. 


Date  (1909). 

Charge. 

Specific 
gravity. 

Height  of 
curve. 

Prewiure 
per  square 
centimeto*. 

Coolizig 
surface. 

Aver  ge 

pressure 

per  square 

centimeter. 

Feb.  11 

Oranu. 
100 
100 
100 
100 
100 
100 
100 
100 
100 

1.22 
1.22 
1.22 
1.18 
1.18 
1.18 
1.18 
1.22 
1.22 

AfiUimaen. 
19.  GO 
18.  GO 
19.00 
16.00 
16.  GO 
16.  GO 
14.75 
16.50 
15.25 

KUograma. 
34.82 
33.03 
33.92 
28.57 
29.46 
29.46 
26.34 
27.68 
27.23 

A 

A 
A 
B 
B 
B 
C 
C 
C 

KUogranu. 

Do 

33.92 

Do 

Mar.  22 . , 

Do 

29.16 

Do 

Do 

Mar.23 

27.08 

Do 

P=1.911A+0.3B— 1.4110=41.19  kilograms  per  square  centimeter. 
.V= 15,000  cubic  centimeters.        S=1.33.        W=100  grams. 

^      VPS 

M=-==-=8,217  kilograms  per  square  centimeter  (116,865  poimds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive. 


l)ate,  May  4, 1909. 
Solid 


Orams. 

59.1 

Liquid  (water) 11. 7 

gaseous 113. 5 

Large  Calories  Developed  bt  1  Kilogram  of  the  Explosive. 
Charge,  100  grams. 


Date  (1909). 


Mar.  16. 

Do- 

Mar.  25. 


Weight  of 
water. 


Kiloaramt. 
83.00 
82.68 
81.90 


Rise  In 
tempera- 
ture. 


•<7. 
0.817 
.860 
.816 


Heat  de- 
veloped per 
kilogram. 


Oalcriet, 
763.9 
792.4 
754.0 


Average  large  calories  per  kilogram  of  explosive,  770.1. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1909). 

Height. 

Comprea- 
Bion. 

Before 
explosion. 

After 
explosion. 

Feb.  5 

SfiUimeters. 
64.0 
64.0 
64.0 

MiUhneUrs. 
49.5 
50.0 
49.5 

MOUmeUrs, 
14.  A 

Feb.  6 

14.0 

Do 

14.6 

Average  compression,  14.3  millimeters  (0.56  inch). 


BESULTB  OF  TESTS  WITH  PEBMISSIBIiE  EXPLOSIVES. 
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Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1909). 

Volume  of  bore  hole. 

Ezpanalon 

of  bore 

hole. 

Tempera- 
ture of 
block. 

Before  shot. 

After  shot. 

Oct.  16 

Culdcc.c. 
62 
62 
62 

Cubic  c.c. 
222 
226 
218 

CftMccc. 
160 
164 
156 

•<7. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  160  cubic  centimeters  (9.76  cubic  inches). 

CAKBONTTE  NO.  2. 

Explosive,  Garbonite  No.  2. 

ClasB,  nitroglycerin. 

Manufactured  by  E.  I.  Du  Pont  de  Nemours  Powder  Co. 

Physical  examination: 

Diameter  of  cartnui^,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  237  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.98. 

Color  of  explosive,  light-drab. 

Consistency,  fibrous,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  19, 1909. 

The  unit  swing  used  on  this  date  is  3.01  inches. 

Weight  of  charge,  in  grams,  300,    300,    300. 

Swing,  in  inches,  2.98,  2.95,  3.04. 

Average  swing,  in  inches,  2.99. 

2.99  :  3.01  :  :  300  :  (302). 
Therefore  the  unit  deflective  charge  of  Carbonite  No.  2  is  302  grams. 

Gas  and  Dust  Gallert  No.  1. 


Weisht 

Methane 

Date  (1909). 

and 

charge. 

ethane. 

Test  1. 

(Tfonw. 

Percent. 

Feb.  9 

307 
307 

7.91 
8.49 

Do 

Do 

307 

8.10 

Do 

307 

8.11 

Do 

807 

7.91 

Do 

307 

7.90 

Do 

807 

7.90 

Do 

307 

7.82 

Feb.  10 

307 

7.99 

Feb.  19 

307 

8.18 

Test  2. 

Feb.  5. 

307 
307 

5.03 
4.87 

Do 

Do 

307 

4.07 

Do 

307 

3.97 

Do 

307 

4.02 

Do 

307 

3.97 

Do 

307 

4.09 

Do 

807 

4.00 

Do 

307 

4.05 

Do 

307 

4.14 

Besult. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  imition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Date  (1909). 

WelKht 
charge. 

Methane 

and 
ethane. 

Test  3. 
Feb.  5 

Orame. 
307 
807 
307 
307 
307 
307 
307 
307 
307 
307 

a680 
a680 
0680 
0680 
O680 

O680 

Percent. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb.  12. 

Do 

Do 

Do 

Do 

Tests. 

Mar.  4 

4.01 
4.00 
3.94 
3.78 
3.90 

2.01 

Result. 


No  Imition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do.' 
Do.' 
Do; 


No  Ignition. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 


o  680  grams  or  more  were  used. 
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BXFIiOSIVBS  USED  IN  OOAL  MINES. 


lUn  ov  DaioiTAiaDir. 


Diameter  of  ctftridge,  1} 
Electric  detanator^  No.  6. 


Date  (1909). 


lfHr.18. 
lfHr.19. 


Dtotanoe 

between 

speric 

points. 


13.22 

12.67 


PeifplMfBl 

apeedof 

drumpv 


IMov. 


43 


BatoofdAfe- 
ooatloo 


MtUn. 

a,si9 


Avenge  rate  of  detonation,  3,470  meten  (11,380  feet)  per  second. 

Flamb  TB8T. 
Peripheral  speed  of  film,  20  meten  per  second. 


Date  (1909). 


lfar.12.. 

Mar.  19.. 

Do.. 


Height  of 
photograph. 


MSatmeUn. 
1A.00 
17.00 
17.25 


Height  of 


18. 9B 
21.47 
21.79 


Duiatioii 
distance. 


0.76 
7.26 
«.fiO 


DuntiQiiof 
flame. 


0.S88 


Avenge  height  of  flame,  20.74  inches. 
Avenge  duntion  of  flame,  0.342  millisecond. 


Impact  Tbst. 


Date,  March  6  and  8,  liMO. 


Dlitanoeof 

aoL 

Number  of 
fiOls. 

Remit 

Distanoaof 
telL 

Number  of 
fiOis. 

Result. 

CnMmtUr; 

\^^0^^t^f99^^t^Kfw  "• 

20 

No  explosion. 

20 

Explosion. 

25 

Do. 

19 

Do. 

80 

B^losfton. 

17 

Noexplostan. 

29 

Da 

17 

Explosion. 

28 

Do. 

10 

Do. 

27 

Do. 

16 

Do. 

26 

Do. 

14 

NoexpkMloo. 

25 

Do. 

14 

BxplosiiA. 

24 

Do. 

IS 

No  explosion. 

23 

Do. 

The  maximum  height  at  which  no  explosion  occun  is  established  at  13  centimetera 
(5.12  inches). 

EZPLOSIOK  BT  InTLUBNOB  TbST. 

Wei^t  of  each  cartridge,  170  grams. 


Date  (1909). 

Distanoe 
sepsratinc 
cartridfes. 

"sfesr 

Date  (1909). 

Distanoe 
sepsrattng 
cartridfes. 

"ssfesr 

MM>tl9 

Jaelct. 

4 
6 
6 

Exploded. 
Did  not  explode. 
Blooded. 

Mar.  22 

/adbet. 
6 
6 

Did  not  explode. 
Do. 

Do 

Do 

Mar.  28 

The  minimum  distance  at  which  no  explosion  occun  is  established  at  6  inches. 


RESULTS  OF  TESTS  WITH  PERMISSIBIiE  EXPLOSIVES. 


129 


THBOBsnoAL  Mazdhtm  Pbbbsubb  Deybloped  in  Own  VoLViiE  A8  Dbtbbminbd 

BT  BiGHBL  PBBB8X7BB  GaOB. 

Indicator  spring,  0.56  millinieteiB«l  kilogrun  per  square  centimeter — 


Dftt6(1909). 

Chugo. 

Spodflc 

Height  of 
enrve. 

Pxwnn 
per  square 
oanttmeter. 

Cooling 
soiflKse. 

Avenge  { 
preBSore  i 
persqnere 
centimeter. 

riab.  10. 

100 
100 
100 
100 
100 
100 
100 
100 
100 

0.96 
.96 
.96 
.98 
.98 
.98 
.98 
.98 
.98 

Mfmmden, 
19.30 
19.00 
18.50 
16.80 
16.50 
16.50 
15.00 
15.35 
15.25 

KOoarwm, 
84.28 
88.98 
88.08 
29.11 
29.46 
29.46 
36.79 
27.23 
37.23 

■ 

A 

A 
A 

B 
B 
B 
C 
C 
C 

KaotnmM. 

F^kll 

38.74 

Do. 

Mff.l^ 

Do. 

29.84 

Do 

Do 

Do 

27.08 

Do 

P«1.911A+0.5B— 1.411G*>40.04  kilogruns  per  square  centimeter. 
y»il5,000  cubic  centimeters.       Sa>i0.98.       W»ilOO  grams. 

yps 

Ma>--^»6,018  kilograms  per  square  centimeter  (86»680  pounds  per  square  inch). 

PnoDuon  OF  Combustion  fbom  200  Qbams  ot  thb  ExnoanvB. 

Date,  Ifay  5, 1909.  Onme. 

Solid 67.5 

Liquid  (water) 12.0 

Gaseous 114. 7 

LaBOB  CaLOBZBS  DbYBLOPBD  BT  1  KOiOOBAlC  OF     THB  EXPLOBIVB. 

Gbaige,  100  grams. 


Dete  (1909). 


T\Bb.23.. 

Do.. 

T\Bbw34.. 


Weight  of 
WBter. 


KUogmmt, 
81.60 
81.48 
81.80 


RIae.ln 

tempere- 

tnze. 


•C 
6.751 
.776 
.797 


Heat  de- 
veloped per 
kIkigFam. 


CUorfet. 
601.0 
713.8 
781.4 


Average  laige  calories  per  kilogram  of  explosive,  711.7. 


COJCPRB88ION  OF  SlCALL  LBAD  BlOCKS. 


Ghaige,  100  grams. 


Height 

Com- 
preMlon. 

Dete(1909). 

Befare 
ezploeion. 

After 
ezptoekm. 

Feb.  16 

64.0 
64.0 
64.0 

51.0 
50.8 
50.8 

WXUmdtn, 
18.0 

Do 

18.2 

Do 

18.2 

comprosBion,  IB.l  millimeterB  (0.52  inch). 
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EXPLOSIVES  USED  IN  COAL  MINES. 


EzpANBioN  OF  Bobs  Hole  of  Tbauzl  Lead  Blocks. 
Charge,  10  giams. 


Date  (1909). 

Volame  of  bore  hole. 

Expansion 

of 
bore  hole. 

Tempera- 

Before 
shot. 

After 
shot. 

ture  of 
btook. 

Oct.  16 

« 

Cubie 

centimeters. 

62 

62 

62 

Cubic 

centimeters. 

247 

246 

244 

CvMc 

centimeters. 

185 

184 

182 

•c. 

15 

Do 

15 

Do 

16 

Average  expansion  of  bore  hole,  184  cubic  centimeters  (11.22  cubic  inches). 

CAKBOXTTE  NO.  3. 

Explosive,  Carbonite  No.  3. 

Class,  nitroglycerin. 

Manufactured  by  E.  I.  du  Pont  de  Nemoura  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1)  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  235  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.00. 

Color  of  explosive,  light  cafe-au-lait. 

Consistency,  dry,  fibrous. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  24, 1909. 

Unit  swing  used  on  this  date,  3.01  inches. 

Weight  of  charge,  in  grams,  330,    330,    330. 

Swing,  in  inches,  3.02,    3.05,    3.10. 

Average  swing,  in  inches,  3.06. 

3.06:  3.01:  :  330:  (325). 
Therefore  the  unit  deflective  charge  of  Carbonite  No.  3  is  325  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1900). 


Test  1. 

Feb.  19 

Feb.  27 

Do 

Do 

Do 

Do 

Mar.  1 

Do 

Do 

Do 

Test  2. 

Feb.  I 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Weight 

Methane 
and 

charge. 

ethane. 

Orams. 

Percent. 

331 

8.35 

324 

8.20 

324 

8.20 

324 

7.86 

324 

7.92 

324 

7.92 

324 

8.13 

324 

8.09 

324 

8.16 

324 

8.12 

325 

4.08 

325 

3.89 

325 

4.04 

324 

3.85 

325 

4.01 

325 

4.13 

325 

4.09 

325 

4.08 

325 

4.02 

325 

4.13 

Res-ilt. 


No  imltion. 
DO. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Date  (1909). 


Test  3. 

Feb.l 

Do 

Feb.  2 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Mar.  4 

Do 

Do 

Do 

Do 

Test  6. 

Mar.  5 


Weiffht 
charge. 


Methane 

and 
ethane. 


Grams. 
325 
325 
325 
325 
325 
325 
325 
325 
325 
325 


1680 
1680 
0080 
a680 
0680 


•  680 


Percent. 


Result. 


3.88 
3.80 
3.82 
4.13 
4.00 


2.01 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  lenltloD. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 


a  680  grams  or  more  were  used. 


BESULTS  OF  TESTS  WITH  PEBMISSIBI^B  EXPLOSHnSS. 
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Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  6. 


Date  (1900). 


Mar.  11. 
Mar.  12. 


Distance 

between 

spark 

points. 


MUUmeters. 
16.33 
16.05 


Peripheral 

sp^of 

drum  per 

second. 


Meters, 


43 
43 


Rate  of 
detonation 
per  second. 


Meters. 
2,638 
2,679 


Average  rate  of  detonation,  2,656  meters  (8,710  feet)  per  second. 

Flamb  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1909). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration 
of  flame. 

Mar.  11 

MUHmeters. 
14.25 
14.00 
12.50 

Inches. 
18.00 
17.68 
15.79 

MUlimeters. 
6.62 
6.50 
6.50 

MUiiseeonds, 
0.331 

Do 

.325 

Mar,  16 

.326 

Average  height  of  flame,  17.16  inches. 
Average  duration  of  flame,  0.327  milliseconds. 


Date,  February  1, 1909. 


Impact  Test. 


Distance  of  CftU. 

Number  of 
falls. 

Result. 

Distance  of  fall. 

Number  of 
falls. 

Result. 

Omtimelers, 
20 
25 
23 

1 
2 

1 

No  explosion. 
Explosion. 
Do. 

Centimeters. 
22 
21 
20 

1 

1 

* 

Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  is  established  at  20  centimeters 
(7.87  inches). 

Explosion  by  Influence  Test. 
Weight  of  each  cartridge,  173  grams. 


Date  (1900). 

Distance 
separating 
cartridges. 

Result,  upper  car- 
tridge. 

Date  (1909). 

Distance 
separating 
cartridges. 

Result,  upper  car- 
tridge. 

^«y,  U.    .. 

8 
6 

4 
2 

Did  not  explode. 

Do. 

Do. 
Exploded. 

Mar.  17 

Do 

Inches. 
3 
3 
3 

Did  not  explode. 

MiM-  16.... 

Do. 

Do 

Mar.  18 

Do. 

Do 

The  tninimiiTn  distance  at  which  no  explosion  occurs  is  established  at  3  inches. 
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EXPLOSIVES  USED  IN  COAL  MINES. 


Theobbtical  Maximum  Pbbssubb  Dbvblopbd  in  Own  Volxtme  as  Detbbminbd 

BY  BiCHBL  PbBSSUBB  GaOE. 

Indicator  spring,  0.56  millimetersBsl  kilogram  per  square  centimeter. 


Date  (1900). 

Chaige. 

Spedfic 
gravity. 

Height  of 
curve. 

Preamre 
per  square 
oentimeter. 

Cooling 
surface. 

Avenge 

pressure 

per  square 

centimeter. 

Feb.9 

€hum», 
100 
100 
100 
100 
100 
100 
100 
100 
100 

0.03 

.98 

.98 

.    1.03 

1.03 

1.03 

1.03 

1.03 

1.03 

MUUmelen. 
16.75 
16.25 
16.00 
15.00 
15.25 
15.00 
14.68 
14.00 
14.25 

Kttognvu. 
29.91 
29.02 
28.57 
26.78 
27.23 
26.78 
26.21 
25.00 
25.45 

A 

A 
A 

B 
B 
B 
C 
C 
C 

KOogranu. 

Do 

29.17 

Feb.  10 

Mar.  16 

Do 

26.03 

Do 

Do 

Feb.  17 

26.55 

Do 

P»1.911A+0.5B— 1.4110^33.16  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S—1.00.        W=«100  grams. 

VPS 

Ma«--^^»4,974  kilcigrams  per  square  centimeter  (70,742  pounds  per  square  inch). 

Pboducts  of  OoMBusnoN  FBOM  200  Obamb  of  thb  Explosive. 

Date,  April  27, 1909. 

Oraina. 

Solids 76.6 

Liquid  (water) 12. 1 

QaaeouB 102.3 

Laboe  Calobieb  Dbvblopbd  by  1  Kiloobam  op  thb  Explosive. 
Chaige,  100  grams. 


Date  (1909). 


Feb.  12. 
Do. 
Do. 


Weight  of 
water. 


KUofratM. 
80.00 
80.30 
80.25 


Biseln 
temperature. 


•C, 
a783 
.770 
.783 


Devdo|H 
mentper 
kilogram. 


CUorJet. 
706.2 
608.6 
710.2 


Average  laige  calories  per  kilogram  of  explosive,  705.7. 


CoMPBBSsioN  op  Small  Lbad  Blocks. 


Chaigei  100  grams. 


Date  (1900). 

Height. 

Gompres- 

Before 
explosioxL 

After 
explosion. 

Feb.l 

64.0 
64.0 
64.0 

MUUmeUn. 
58.5 
53. 0 
53.0 

10.5 

Do 

ILO 

Do 

ILO 

Avenge  compresBion,  10.8  millimeters  (0.43  inch). 


BEBULTS  OF  TESTS  WITH  PEBMIS8IBLE  EXPLOSIVES. 

Expansion  of  Bobs  Holb  of  Trauzl  Lbad  Block. 
CSiaige,  10  graiUB. 
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Date  (1909). 

Vohime  of  bore  hole. 

BzptDsloii 
of  bora  hole. 

Tempei^ 
tan  of 
bkmk. 

BeHMWihot. 

After  shot. 

OetlO 

CiMe 

cfnMiiMteft. 

02 

02 

02 

Cuhk 

218 
220 

;iio 

Cuhk 

enUimeten. 

156 

158 

154 

•c. 

15 

Do 

15 

Do 

15 

Avenge  expanaion  of  bore  hole,  156  cubic  centimeters  (9.52  cubic  inches). 

OABBONTTB  NO.  1  L.  F. 

Ezplosive,  Garbonite  No.  1  L.  F. 

dasB,  nitroglycerin. 

liftnu&ctured  by  the  £.  I.  du  Pont  de  NemoiuB  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1)  inch. 

Length  of  cartridge,  8  inches. 

Average  weight,  305  grams. 

Cartridge  has  been  redipped  in  paraffine. 

Apparent  specific  gravity  of  cartridge  by  sand,*  1.35. 

Color  of  explosive,  cafe-au-lait. 

Consistency,  granular,  moderately  cohesive. 
Unit  deflective  charge,  as  determined  by  the  ballistic  pendulum : 

Date,  February  17, 1909. 

Unit  swing  used  on  this  date,  3.01  inches. 

Weight  of  charge,  in  grams,  300,    300,    300. 

Swing,  in  inches,  2.97,    3.035,    2.96. 

Average  swing  in  inches,  2.99. 

2.99:3.01::300:(302). 
Therefore  the  unit  deflective  charge  of  Garbonite  No.  1  L.  F.  is  302  grams. 

Gab  and  Dust  Gallbbt  No.  1. 


wyt 

Methane 

Welpt 

Methane 

Dato(l«».) 

and 

Besolt 

Date  (1000). 

and 

Result. 

ohftige. 

etfaane. 

ohaige. 

etiume. 

TiSTl. 

Tins. 

Onmt, 

PtreenL 

GrenM. 

Peremi, 

Feb.  18 

830 

7.88 

No  Imitlon. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Feb.  18 

302 

Nolmittaa. 

Do 

380 
330 
330 
330 
330 
330 
330 
330 
330 

7.75 
7.04 
7.88 
7.77 
7.W 
7.87 
7.74 
8.11 
7.82 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Tsn4. 

302 
302 
302 
308 
308 
308 
302 
808 
302 

Do 

Do. 

Do. 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

7eb.  17 

Do. 

Do 

Do. 

Do 

Do. 

Tin  2. 

Feb.  17 

302 

8.96 

Nolniltlon. 

Feb  10 

•  680 

6.14 

NoinJtkm. 

Do 

308 

4.11 

Do 

•  680 

4.06 

Feb.  18 

308 

4.01 

Do. 

Do 

•  680 

3.00 

Do. 

Do 

308 

8.00 

Do. 

Feb.  80 

•  680 

4.16 

Do. 

Do 

308 

4.08 

Do. 

Do 

•  680 

8.08 

Do. 

Do 

4.06 

Do. 

Do 

308 

8.06 

Do. 

TI8T5. 

Do 

308 

4.01 

Do. 

Do 

308 

4.01 

Do. 

lfar.5 

•  680 

8.01 

NoignitioD. 

Do 

308 

4.08 

Do. 
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EXPLOSIVES  USED  IN  COAL  MINES. 


Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inchefl. 
Electric  detonator,  No.  6. 


Date  (1900). 


Mar.  27. 
Mar.  30. 


Distance 

between 

spark 

points. 


MWimeten. 
26.81 
25.68 


Peripheral 
speed  of 

dram  per 
second. 


lieten. 


43 
43 


Rate  of 
detonation 
perseomd. 


Metert. 
1,604 
1,674 


Average  rate  of  detonation,  1,639  meters  (5,380  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1900). 

Height  of 
photograph. 

Height  of 

Duration 
distance. 

of  flame. 

Mar.  12 

12.62 
11.76 
11.88 

Inchet, 
15.04 

14.84 
14.87 

MUUmden. 
6.88 
6.12 
4.38 

MUUueond. 
0.204 

Do 

.256 

Do 

.210 

Average  height  of  flame,  15.05  inches. 
Average  duration  of  flame,  0.256  milliseconds. 


Date,  February  20, 1909. 


Impact  Test. 


Distance  of 
fall. 

Number  of 
falls. 

Result. 

Distanoe  of 

&I1. 

Number  of 
iiftllfi. 

Result. 

CttUintt€n» 
20 
25 
24 
28 
22 
22 

No  explosion. 
Explosion. 

Do. 

Do. 
No  explosion. 
Explosion. 

CtnUfMtifs, 
21 
20 
10 
18 
17 

Explosion. 

Do*. 
Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  17  centimeteis 
(6.69  inches). 

Explosion  bt  Inplubncb  Test. 

Weight  of  each  cartridge,  213  grams. 


Date  (1000). 

Distanoe 
separathig 
cartridges. 

Result,  upper 
oartndge. 

Date  (1000). 

Distanoe 
separating 
cartridges. 

Result,  upper 
cartridge. 

»'•»',  77  ,   . 

Ineka, 
8 
6 
4 
8 

Did  not  explode. 

Da 

Do. 
Exploded. 

Mat.  ».      . 

Ifiehti. 
4 
5 
5 
5 

Exploded. 
Did  not  explode. 
Do. 

Mar.  2P 

Do 

Do 

Mar.30 

Do 

Do 

Da 

The  minimum  distance  at  which  no  explosion  occurs  established  at  5  inches. 


BESULTS  OF  TESTS  WITH  PEBMISSIBLE  EXPLOSIVES. 
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Thsobetioal  Maximum  P&bssitiue  Dbveloped  in  Own  Volxtmb  as  Detebminbd 

BT  BiCHEL  PbESSUBE  GaOE. 

Indicator  spring,  0.56  millimeters =1  kilogram  per  square  centimeter. 


Date  (1000). 

Charge. 

Specific 
grftvity. 

Hei^tof 
curve. 

PnBure 
persqoare 
centimeter. 

CooUng 
siufaoe. 

Ayerage 

preasuie 

persquaie 

OQQtiziieter. 

JW).  16 

Oramt. 
100 
100 
100 
100 
100 
100 
100 
100 
100 

1.26 
1.26 
1.26 
1.26 
1.26 
1.26 
1.96 
1.26 
1.26 

• 

MUiimettrt. 
16.00 
16.50 
16.20 
15.75 
15.25 
15.50 
14.75 
15.00 
15.00 

Kilooramt. 
28.57 
29.46 
28.03 
28.12 
27.23 
27.68 
26.34 
26.78 
26.78 

A 

A 
A 

B 
B 
B 
C 
C 
C 

Kiloifrajru. 

Do 

28.00 

Do 

M«r,27 

Do 

27.68 

Mw.2?.. 

Do 

Do 

26.64 

M«r  ?l 

P=1.911  A4-0.5  B— 1.411  0=31.65  kilograms  per  square  centimeter. 
y=B  15,000  cubic  centimeters.        8=1.35.        W»100  grams. 

VPS 
Ma >-»rr =6,409  kilograms  per  square  centimeter  (91,151  pounds  per  square  inch). 

Pbodxtcts  op  OoMBusnoN  raoM  200  Grams  of  thb  Exflobiyb. 

Date,  May  6,  1909. 

Grama. 

SoUd 62.8 

Liquid  (water) 10. 4 

Gaseous 116.5 

Labqe  Calories  Developed  by  1  Kilogram  of  the  Exflosiyb. 
Ghaige,  100  grams. 


Date  (1000). 


Mar.  37 
Do. 
Do. 


Weight  of 
water.    ' 


EUogravM, 
83.38 
83.28 
83.38 


Rise  in  tem- 
peratore. 


•C. 
0.725 
.727 
.747 


Heat  de- 
veloped per 
kUogram. 


QOoriet, 
079.6 
680.8 
000.8 


Average  laige  calories  per  kilogram  of  explosive,  686.7. 


Ghaige,  100  grams. 


COMFBESSIOK  OF  SmALL  LeAD  BlOCKS. 


Heightr- 

Compree- 

Date  (1900). 

Before  ex- 
plosion. 

After  ex- 
plosion. 

Feb.  34 

anUmttert, 
64.0 
64.0 
64.0 

MUUmeten. 
51.8 
51.8 
53.0 

3iUttmeUrt. 
13.3 

Do 

13.3 

Do 

13.0 

Average  compression,  12.1  millimeters  (0.48  inch). 
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EXPLOBIVBS  USED  IN  GOAL  MINB8. 


Expansion  of  Bobb  Hots  of  Travoi  Lbad  Blookb. 
Ghaige,  10  gnans. 


Date  (1900). 

y ohnne  of  bon  hole— 

of  bore 
holB. 

Tampei^ 
tare  of 
block. 

Befneshot. 

After  shot 

Got  18 '. 

CMIeeMtf- 

'88 
63 
68 

(SMeceuH' 

216 
216 
216 

CuUftmti 

158 

163 
118 

•c. 

16 

Do 

16 

Do 

16 

Avenge  expaosioii  of  bore  hole,  153  cubic  centimeten  (9.33  cubic  indieB). 

OABBONTTB  VO.  8  L.  F. 

Explosive,  Gazbonite  No.  2  L.  F. 
OlasB,  mtnfjiycenn. 

Msnulactuied  by  E.  I.  Du  Pont  de  Nemoun  Powder  Go. 
Physical  examinatioii: 
Diameter  of  cartridge,  1}  inches. 
Length  of  cartridge,  8  inches. 
Average  weight,  232  grams. 
Oartridge  had  been  redipped  in  paimffin. 
Apparent  specific  gravity  of  cartridge  by  sand,  O.M. 
Color  of  explosive,  li^t-buff. 

Ckmsistency,  mixed  granular  and  fibrous;  sli^tly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 
Date,  February  18,  1900. 
Unit  swing  used  on  this  date,  3.01  inches. 
Weight  of  charge,  in  grams,  310,    310,    310. 
Swing,  in  inches,  3.01,    3.03,    3.13. 
Average  swing  in  inches,  3.06. 

3.06:3.01::310:(306). 
Therefore  the  unit  deflective  chaige  of  C^bonite  No.  2  L.  F.  is  306  grams. 

Gas  and  Dust  Gallst  No.  1. 


Dst8(190»). 

obaige. 

and 
ethane. 

Beenlt. 

Data  (1900). 

charge. 

and 

eUiane. 

« 

Beaott 

Tssrl. 
Feb.  16 

Orams, 
836 
336 
336 
336 
336 
336 
336 
336 
336 
336 

336 
336 
336 
336 
336 
336 
336 
336 
836 
836 

P«reM<. 
8.44 
8.44 

7.87 
7.80 
7.96 
7.88 
8.12 
7.88 
7.06 
7.89 

4.0? 
4.08 
4.08 
4.06 
3.96 
4.01 
3.96 
3.96 
4.04 
4.07 

Nolnitlon. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Noimitkm. 

Do: 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Tssr3. 

Feb.  18 

Do 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

Do 

TI8T4. 

FA.  20 

Do 

Do 

Do 

Feb.  21 

TBST6. 

Mar.  6 

Orams, 
336 

306 
306 
306 
306 
306 
306 
306 
306 
306 

a680 
0680 
0680 
•  680 
0680 

a680 

PerctmL 

NoljmittQn. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

TI8T2. 

Feb.  17 

Do 

Do 

Do 

.Do 

Do 

Do 

Do 

Do 

4.08 
8.87 
3.96 
3.88 
8.80 

2.10 

NoiJ^tau 

Do. 
Do. 
Do. 

No  ignition. 

Do 

gnuna  or  mon  woe  used. 


BB8XTLT8  Off  TESTS  WITH  PSBMI88IBLB  BXPLOSIVBS. 
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RaTB  Of  DnONATION. 


Diameter  of  cartridge,  H  inches. 
Electric  detonator,  No.  6. 


Date  (1900). 


Mtf.  81. 

Apr.  1.. 


DistaDoe 

between 

spark 

points. 


jmUmetert, 
18.60 
17.65 


PeripbenU 

speed  of 

di^&per 

seoonia. 


MeUn. 


43 
43 


Bate  of 
detonation 
per  second. 


Meten. 
2,334 
2,450 


Average  rate  of  detonation,  2,387  meters  (7,830  feet)  per  second. 

Flamk  Tkst. 
Peripheral  speed  of  fihn,  20  meters  per  second. 


Date  (1900). 

Height  of 
photograph. 

Heigbtof 
flttne. 

Duration 
distance. 

Duration 
of  flame. 

Mar  20  . 

Mmnuten, 
13.35 
16.38 
14.35 

16.'74 
10.43 
18.00 

iHRfnufers. 
5.88 
6.50 
6.13 

MfObeeondi 
OiSflO 

Do 

.835 

Do 

.SM 

Ayerage  hei^t  of  flame,  18.06  inches. 
Aven^  duration  of  flame,  0.300  milliseconds. 


Date,  February  23, 1900. 


Impact  Tbsts. 


Distance  of  telL 

Nnmber  of 
fsUs. 

Resalt. 

Distance  of  faU. 

Namberof 
foils. 

Resalt. 

ChUbmam, 
30 
36 

1 

1 

No  explosion. 
Explosion. 

CenHmtUn, 
34 

5 

No  explosion. 

The  maTimnm  height  at  which  no  explosion  occurs  established  at  24  centimeten 
(9.45  inches). 

Explosion  bt  Influence  Test. 

Weight  of  each  cartridge,  167  grams. 


Date  (1000). 

Distance 
separating 
cwSdgS 

Result,  upper 
cartridce: 

Date  (1000). 

Distance 
separating 
cartridges. 

csrtnoge. 

Mar.  80 

4 
8 

2 

Did  not  explode. 
Do. 
Do. 

Apr.  2 

/ficket. 

1 
2 
2 

Exploded. 
Did  not  explode. 
Do. 

Do 

Do...;!  !.! 

Apr.  1 

Do 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 
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EXPLOSIVES  USED  IN   COAL  MINES. 


Thbobstical  Maximum  Phxbsube  Devklopbd  in  Own  Volumb  as  Detbrminbd 

BT  BiCHBL  PbBSSURB  GaOB. 

Indicator  spring,  0.56  millimeterB  »  I  kilogram  per  square  centimeter. 


Date  (1900). 


Feb.  17 
Do 
Do. 

Mar.  31 

Apr.  1. 

Apr.  2. 

Apr.  1. 
Do. 
Do. 


Charge. 


Onm$. 
100 
100 
100 
100 
100 
100 
100 
100 
100 


Bpeciflo 
gravity. 


0.03 
.03 
.03 
.03 


.84 


Hel^tof 
ciirye. 


MttUnuten. 
10.60 
10.76 
10.60 
ia76 
li.60 
14.25 
13.60 
ia25 
14.25 


Pressure 
per  square 
oentizneter. 

CooUng 

sorfBoe. 

XSogranu, 

20.46 

A 

20.01 

A 

20.46 

A 

24.65 

B 

26.80 

B 

25.45 

B 

24.20 

C 

23.66 

C 

25.45 

C 

Average    f 


per  square 
centimeter. 


20.61 
25.30 
24.47 


P=1.911  A-f0.5B— 1.4110=34.71  kilograms  per  square  centimeter. 

I     V»I5,000  cubic  centimeters.        S=0.96.        W=100  grams. 

VPS 
M=-«-saB4,998  kilograms  per  square  centimeter  (71,084  pounds  per  square  inch). 

Pboducts  of  Combustion  fbom  200  Gbamb  of  thb  Explobivb. 

Date,  May  6,  1909. 

Grams. 

Solid eo.o 

Liquid  (water) 12. 0 

Gaseous 117. 0 

Labgb  Galobies  Developed  bt  1  Kiloobam  of  the  Ezflosivb. 
Chazge,  100  grams. 


Date  (1000). 


Mar.  20 
Do. 
Do, 


Weight  of 
water. 


ISloffranu. 
82.58 
82.43 
82.20 


Rise  In  tem- 
perature. 


a740 
.748 
.736 


Heat  de- 
veloped per 
kUograiXL 


QOorla, 
688.0 
604.4 
682.1 


Average  large  calories  per  kilogram  of  explosive,  688.2. 


Gompbesbion  of  Small  Lead  Blocks. 


Chaige,  100  grams. 


Date  (1000). 

Hel^t. 

Comprea- 
sion. 

Before 
explosion. 

After 
explosion. 

Feb.  24 

MUUmeiert. 
640 
64.0 
64.0 

MUUmeUrM. 
53.2 
5a  5 
5a  5 

liUUmeUrt, 
10l8 

Do 

ia5 

Do 

ia5 

Average  compression,  10.6  millimeters  (0.42  inch). 


BESULTS  OF  TESTS  WITH  PERMISSIBLE  EXPLOSIVES. 
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Expansion  of  Bobs  Hole  of  T&auzl  Lead  Blocks. 
Ghaige,  10  grams. 


Date  (1909). 


Apr.  3. 
Do 
Do 


Vohime  of  bore  hole. 


Before  shot. 


OubieeerUi- 

metert. 

62 

03 

02 


After  shot. 


CubkeenU- 

metert. 

214 

210 

207 


Expansion 
of  borehole. 


Oubkeenti- 

metera. 

1S3 

148 

146 


Tempera- 
ture of 
block. 


a 


15 
15 

15 


Average  expansion  of  bore  hole,  148  cubic  centimeters  (9.03  cubic  inches). 

COAL  SPECIAL  NO.  1. 

Explosive,  Goal  Special  No.  1. 

Glass,  nitroglycerin. 

Manufactured  by  Keystone  National  Powder  Go. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  199.5  grams. 

Gartridge  had  been  redipped  in  paraffin. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.14. 

Golor  of  explosive,  cafe-au-lait. 

Consistency,  mixed  granular  and  fibrous,  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  March  26, 1909. 

Unit  swing  used  on  this  date,  3.01  inches. 

Weight  of  charge,  in  grams,  275,    275,    275. 

Swing,  in  inches,  2.94,    2.85,    2.83. 

Average  swing,  in  inches,  2.87. 

2.87: 3.01::  275:  (288) 
Therefore  the  unit  deflective  charge  of  Coal  Special  No.  1  is  288  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 


TXST  1. 

Mar.  25 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

TlST  2. 

Mar.  25..... 

Do 

Do 

Do 

Do 

Har.26 

Do 

Do 

Do 

Apr.  8. 


Weight 

Methane 
4hd 

charsB. 

Cframt. 

Percent. 

815 

7.95 

315 

7.98 

315 

7.96 

315 

8.02 

315 

8.15 

315 

8.02 

315 

8.07 

315 

8.28 

315 

8.22 

315 

8.06 

315 

8.90 

815 

3.81 

315 

8.97 

315 

4.07 

315 

4.14 

315 

4.15 

315 

4.84 

315 

8.97 

815 

8.86 

815 

4.03 

Result. 


NoUmltton. 

DO. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ifliltlon. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Date  (1909). 

Wd^t 
charge. 

Methane 

and 
ethane. 

Test  3. 
Mar.26 

Oranu, 
315 
315 
315 
315 
815 
315 
815 
815 
315 
315 

a680 
a680 
a680 
a680 
a680 

0680 

Percent. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

TKST4. 

Mar.  24 

Do 

Do 

Do 

Do 

TssT  5. 

Apr.  8 

4.12 
4.18 
4.18 
4.18 
4.09 

3.02 

Result. 


No  Umitlon. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  Umitlon. 
Do. 
Do. 
Do. 
Do. 


No  Ignltkm. 


•  680  crams  or  more  were  used. 
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SXPLOBIVES  USED  IN  COAL  SdNBft* 


Rats  of  Dbtokatioh. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator  No.  6. 


Date  (1909). 


Apr.  23. 
Apr.  24. 


Distance 

between 

spark 

points. 


MOOmeten. 
1L90 
12.00 


Ferlpharal 
speed  of 
dram 


sBOom 


r 


Mettn. 


43 
43 


Rataofde> 

tonatlon 

perseoond. 


JiiUn, 
8,813 
3,583 


Avenge  rate  of  detonation  3,598  meters  (11,800  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1909). 


Apr.  27. 

Apr.  28. 

Do. 


Height  of 
photo- 
graph. 


MiXUmeUrt, 
ia50 

laoo 

17.75 


Height  of 
flame. 


Ineha. 
23.37 
2100 
2142 


Duration 
distance. 


MUUmeUn. 

aoo 

7.25 
7.25 


Duration  of 


a400 


Avenge  height  of  flame,  23.26  inches. 
Avenge  duntion  of  flame,  0.375  milliseconds. 


Date,  May  7, 1909. 


Impact  Tests. 


Distance  of  (til. 

Namberof 
lUls. 

Result. 

Distance  of  fall. 

Number  of 
falls. 

Result. 

CMffHMtert. 
15 
20 
19 
18 
18 
17 
10 

No  explosion. 
Explosion. 

Da 

Da 
No  explosion. 
Explosion. 

Da 

CeiUkmeUn. 
15 
14 
14 
13 
13 
12 

1 
8 
1 
■  1 
1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 
Exi^osion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  is  established  at  12  centimeters 
(4.72  inches). 

Explosion  bt  Influenob  Test. 
Weight  of  each  cartridge,  205  grams. 


Date  (1909). 

Distance 
separating 
cartridges. 

Result,  upper  car- 

Date  (1909). 

Distance 
separating 
cartridges. 

Result,  upper  oar- 
trldgfT 

Mays 

0 

8 

10 

12 

Exploded. 

Da 

Da 
Did  not  explode. 

Mays 

Indket. 
11 
11 
11 

Did  not  explode. 
Da 

Do 

May  10*.!!!!!!!!! 

Do 

May  18 

Da 

Do 

The  minimum  distance  at  which  no  explosion  occurs  is  established  at  11  inches. 


BESULTS  OF  TESTS  WITH  PEBMISSIBLE  EXPLOSIVES. 


141 


Theoretical  Maxxmum  Pressure  Developed  in  Own  Volume  as  Determined 

BT  Bichel  Pressure  Gage. 

Indicator  spring,  0.4  millimeters^l  kilogram  per  square  centimeter. 


T>atA  (1900). 

Charge. 

Specifio 
gravity. 

Hnlght  of 
curve. 

Pressoieper 

square  cen- 

ometer. 

Cooling 
SDifaoe. 

Average 
pressure  per 
square  cen- 
timeter. 

May  7 

20O 
200 
200 
200 
200 
200 
200 
200 
200 

L21 
L21 
L21 
L21 
L21 
L21 
L21 
L21 
L21 

MimmeUT8. 
2a  85 
2a  25 
2a  75 
2a  75 
2a  50 
2a  75 
2a  76 
2a  75 

2a  00 

72.12 
7a  12 
7L88 
6a  88 
6a  25 
6a  88 
6138 
6138 
62.60 

A 
A 
A 

B 
B 
B 
C 
C 
C 

KUograrlU, 
72.87 

^"  ^j_r     

Do 

Do 

Do 

Do 

6a67 

Do 

Do 

MftT  « 

6a  76 

r^Do           . .    . . 

^.         I/O. 

P=1.9llA-f0.5B— 1.411  C=»81.68  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.14.        W=200  grams. 

VPS 
M=s-m-=69.S4  kilograms  per  square  centimeter  (99,329  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosivb. 

Date,  April  19,  1909. 

Orams. 

SoUd 65.8 

Jiquid  (water) 13. 8 

Gaseous 102.4 

Large  Calories  Developed  bt  1  Kilogram  of  the  Explosive. 
Charge,  100  grams. 


Date  (1909). 


Apr.  18. 

Do. 

Apr.  20. 


Weight  of 
water. 


KUognttM. 
8a  18 
8198 
82L58 


Rise  in  tem- 
perature. 


•<7. 
a843 
.858 
.847 


Per  kilo- 
gram. 


Calories. 
80a8 
8ia6 
78a  7 


Average  laige  calories  per  kilogram  of  explosive,  805. 

Compression  of  Small  Lead  Blocks. 
Chaige,  100  grams. 


Date  (1900). 

Height. 

Compres- 
sion. 

Before  ex- 
plosion. 

Af tw  ex- 
plosion. 

Apr.  8 

Mimmaert. 
610 
610 
610 

MiOimaert. 
4a5 
4a  0 

4a  0 

Mimmeten. 
1&5 

Do 

lao 

Do 

lao 

Average  compression,  15.8  millimeters  (0.62  inch). 
2406*»— Bull.  15—12 10 
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EXPLOSIVES  USED  IN   COAL.  MINES, 


Expansion  of  Bobe  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1000). 


Apr.  10 
Do, 
Do. 


Volume  of  bore  hole. 


Before  shot. 


CyMc 

eetUiynftert. 

62 

62 

62 


Alter  shot. 


Cubk 

centimeUrt. 

216 

212 

218 


Expansfon 
of  borehole. 


Cvhk 

eerUhneteri. 

154 

150 

156 


Tampec»> 
tureof 
block. 


•C. 


15 
15 
15 


Average  expansion  of  bore  hole,  153  cubic  centimeters  (9.33  cubic  inches). 

COAL  SPECIAL  NO.  2. 

Explosive,  Coal  Special  No.  2. 

Class,  nitroglycerin. 

Manufactured  by  Keystone  National  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  209  grams. 

Cartridge  had  been  redipped  in  paraf&n. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.12. 

Color  of  explosive,  cafe-au-lait. 

Consistency,  mixed  granular  and  fibrous,  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date:  March  27,  1909. 

Unit  swing  used  on  this  date,  3.01  inches. 

Weight  of  charge  in  grams,  310,    310,    310. 

Swing,  in  inches,  3.07,    3.05,    3.09. 

Average  swing,  in  inches,  3.07. 

3.07: 3.01::  310:  (304). 
Therefore  the  imit  deflective  charge  of  Coal  Special  No.  2  is  304  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 


Test  1. 

Mar.  27 

Do. 
Mar.  28..... 

Do 

Do 

Do 

Do 

Do 

Do 

Do..... 

Test  2. 

Apr.  6 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Weieht 

Methane 
and 

charge. 

ethane. 

Oravu. 

Percent. 

304 

8.44 

304 

8.42 

304 

7.76 

304 

7.66 

304 

8.00 

304 

8.07 

304 

7.92 

304 

7.92 

304 

8.61 

304 

8.50 

304 

4.06 

304 

4.06 

304 

3.98 

304 

4.15 

304 

4.57 

304 

4.15 

304 

4.11 

304 

4.19 

304 

4.19 

304 

4.06 

No  Isnltlon. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  imltlon. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Date  (1909). 

Welgbt 
charge. 

Methane 

and 
ethane. 

Test  3. 
Aor.  7 

Onmt, 
804 
304 
304 
304 
304 
304 
304 
304 
304 
304 

a680 
0680 
0680 

«6a3 

a680 
0680 

PereenL 

%o::....:. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Mar.  25 

Do 

Do 

Do 

Do 

Test  5. 

Mar.  25 

3.94 
3.97 
3.80 
4.01 
3.94 

2.10 

Result. 


No  ignition. 

DO. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  iffnltion. 
Do. 
Do. 
Do. 
Do. 


No  Ignition. 


a  680  grama  or  more  were  used. 


BBSULT8  OF  TESTS  WITH  PERMISSIBLE  EXPLOSIVES. 
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Rate  op  Detonation. 


Dkaeter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  6. 


Date  (1909). 


Do. 


Distance 

between 

spark 

points. 


13.90 
13.04 


Peripheral 

^Mdof 

dram  per 

second. 


MiUn. 


43 
43 


Rate  of 
dcUMoatioii 
per  second. 


JlsCerr. 

3,004 
3,  IB 


rate  of  detonation,  3,123  metens  (10,240  feet  per  second). 

Flame  Test. 


PwipiiBral  speed  of  film,  20  metera  per  second. 

Data  (1909). 

Hei^tof 
photograpli. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

• 

Awr.9 

Mimmeten. 
19.0 
19.0 

2ao 

/nchet. 
24.00 
24.00 
2&96 

MWimatrt. 

0.25 

ia25 

0.50 

MUUteami. 

a4e2 

Amil  ... 

.613 

Do 

.475 

Avenge  height  of  flame,  24.42  inches. 
Average  duzation  of  flame,  0.483  millisecond. 


Date,  May  7, 1909. 


Impact  Tests. 


'DirtnceofteU. 

Number  of 
tails. 

Result. 

Distance  of  iUl. 

Number  of 
fslls. 

Result. 

QnHfaMMv. 
10 

14 

1 
1 

Explosion. 

Omthntt€n. 
13 
12 

1 
6 

Explosion. 
No  explosion. 

Tlie  maTJmiim  height  at  which  no  explosion  occurs  is  established  at  12  centimeters 
(4.72  inches). 

Explosion  bt  Inflxtencb  Test. 
Wei^t  of  each  cartridge,  205  grams. 


DalS(lM9). 

Distance 
separating 
cartridges 

Result,  upper 
cartridge. 

Date  (1900). 

Distance 
sepvating 
cartridges. 

Result,  upper 
cartridge. 

Ife^M 

10 
U 
11 
11 
12 
13 

Exploded. 

Did  not  explode. 

Do. 
Exploded. 

Do. 

Do. 

May  27 

14 
14 
15 
16 
16 
16 

Did  not  explode. 
Exploded. 

»2? :  .  : 

May  28 

Do.;::::::: 

Do 

Do 

Do 

Did  not  explode. 
Do. 

Do 

Do 

Do 

Do 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  is  established  at  16  inches. 
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EXPLOSIVES  USED  IN   COAL  MINES. 


Theoretical  Maximum  Pbbssure  Developed  in  Own  Volume  as  Determined 

BT  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.4  centimeter=l  kilogram  per  square  centimeter. 


Date  (1909). 


May  10 
Do. 
Do 

Mays. 
Do 
Do, 
Do 

May  10 
Do 


ChargB 

specific 
gravity. 

Gnmt. 

200 

LIS 

200 

1.18 

200 

1.18 

200 

1.18 

200 

1.18 

200 

1.18 

200 

1.18 

200 

1.18 

200 

1.18 

Helshtof 

CUITB. 


27.7fi 
27.fiO 
26.75 
26.50 
26.26 
26.26 
24.00 
24.80 
24.00 


Prassureper 

square 
oeaometar. 

CooUng 

EOogmms, 

00.38 

A 

08.76 

A 

66.88 

A 

63.76 

B 

63.12 

B 

63.12 

B 

60.00 

C 

62.00 

C 

60.00 

C 

Average 

pressure 

per  square 

centimeter. 


KUogmmt, 
6&88 


63. 8S 
60.00 


Pal.911A+0.5B— 1.411G=s76.65  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S.«1.12.        W=200  grams. 

VPS 
M=  -»?»6,439  kilograms  per  square  centimeter  (91,578  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive. 


Date»  April  23, 1909. 


Qiaius. 
74.2 


Solid 

Liquor  (water) 13. 8 

Gaseous 104. 4 

Laroe  Calories  Developed  bt  1  Kilogram  of  the  Explosive. 


Charge,  100  grams. 


Date  (1900). 


Apr.  10. 

Do. 

Apr.  20. 


Weight  of 
water. 


KOogramt. 
84.13 
83.05 
8183 


Rise  In  tem- 
perature. 


asoo 

.818 
.836 


Heat  de- 
veloped per 
kilogiAm. 


CbZoKet. 
766.6 
7T2.6 
779.6 


Average  large  calories  per  kilogram  of  explosive,  772.5. 


Compression  of  Small  Lead  Blocks. 


Chaige,  100  grams. 


Height. 

Date  (1900). 

Before  ex- 
plosion. 

After  ex- 
plosion. 

OompreB- 
don. 

Apr.  8 

MUUmeten, 
64.0 
04.0 
64.0 

MUUmeUrt, 
60.0 
49.7 
60.0 

liUUnutert. 
14.0 

bo.:.:.:........ :....: :. 

14.3 

Apr.  12 

14.0 

Average  compression,  14.1  millimeters  (0.56  inch). 


BE8ULTS  OF  TESTS  WITH  PEEMIS8IBLE  EXPLOSIVES. 
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Expansion  of  Bobk  Hole  op  Trauzl  Lead  Blocks. 
Ghaige,  10  grains. 


Date  (1909). 

VQlazne  of  boro  hole. 

Ezpanflton 
of  bore  hole. 

Tempera- 
ture of 
block. 

Before  shot. 

After  shot. 

Apr.  10 

Cubk 

cenUmeten, 

02 

02 

62 

(hMe 

centimeten. 

215 

206 

204 

OiMe 

eenHmetert, 

158 

146 

142 

CMe 
centimeten, 
15 

*^Do;.; :.:.::::::::::::::::::::::::::;::::::: 

15 

Do 

16 

Average  expansion  of  bore  hole,  147  cubic  centimeters  (8.97  cubic  inches). 

OOALTTB  NO.  1. 

Explosive,  Coalite  No.  1. 
Glass,  nitroglycerin. 
Manufactured  by  Potts  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  225  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.32. 

Color  of  explosive,  light  ocher. 

Consistency,  granular. 
Unit  deflective  chaige  as  determined  by  the  ballistic  pendulum: 

Date,  March  1,  1909. 

Unit  swing  used  on  this  date,  3.01  inches. 

Weigiht  of  chaige,  in  giams,  290,    290,    290. 

Swing,  in  inches,  3.00,    2.93,    2.91. 

Average  swing,  in  inches,  2.95. 

2.95:3.01::290:(296). 
Therefore  the  unit  deflective  chaige  of  Coalite  No.  1  is  296  grains. 

Gas  and  Dust  Gallbbt  No.  1. 


Date  (1900). 

Wei^^t 
dmrgB. 

Methane 

and 
ethane. 

Remit. 

Date  (1909). 

Weikht 
otaainKe. 

Methane 

and 
ethane. 

Refolt. 

TkstI. 

Onma. 
206 
296 
296 
296 
296 
296 
296 
296 
296 
296 

296 
296 
296 
296 
296 
296 
296 
296 
296 
206 

Percent, 
8.04 
7.97 
7.97 
7.77 
7.98 
8.46 
7.84 
7.87 
7.96 
7.94 

3.91 
3.87 
4.09 
8.96 
4.20 
4.12 
4,14 
4.01 
4.03 
4.10 

Nolfliitlon. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Lrpltlon. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

TI8T3. 

Mar.  10 

Do 

Do 

Do 

Do 

Do 

^AVb*   AA*««p»«a 

Do 

Do 

Do 

TK8T4. 

Mar.  15 

Do 

Po 

Mar:i6 

Do 

TI8T5. 

Mar.  16 

Orame. 
296 
296 
296 

296 
296 
296 
296 
296 
296 

0680 
a680 
1680 
0680 
a680 

•  680 

Percent. 

No  lenttlon. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Mar.O 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

TBaT.2. 

Mar.O 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

8.97 
4.02 
3.97 
3.02 
3.92 

2.06 

Noimitkm. 

Do*. 
Do. 
Do. 

Nolpiitton. 

a  680  grams  or  idotb  were  need. 
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BXPIX)6IV£S  USED  IN   COAL  MINES. 


Rate  of  Detonation. 


DiametBT  of  cartridge,  H  inches. 
Electric  detonator,  No.  6. 


Date  (1900). 


Apr.  6. 
Apr.  6. 


Distance  be- 
tween sDfirk 
points. 


MUUmeteT$. 
18.16 
17.42 


Peripheral 

speed  of 

drum  per 


MiUTtm 


43 
43 


Bttteofdet- 
onatioBi 


2, 
2, 


Average  rate  of  detonation,  2,418  meters  (7,930  feet)  per  second. 

Flame  Test. 

* 

Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1900). 

Height  of 
photo^ph. 

Height  of 
flame. 

Duration 
dlstaaoe. 

Dunllooor 

Apr.  9 

Mimmetert 
16l00 
13.60 
13.80 

Indus. 
18.06 
17.06 
17.43 

MUUmtttn. 
0.80 
6l80 
480 

JWMtijHial 

ass6 

Do 

.290 

Apr.  13 

.940 

Average  height  of  flame,  17.81  inches. 
Average  duration  of  flame,  0.285  millisecond. 


Date,  March  18,  1909. 


Impact  Tests. 


Distance  of  fEdL 

Number  of 

Result. 

Distance  of  HalL 

Number  of 
falls. 

BeMdt. 

CtnUmdtrM. 
16 
12 
14 

14 
13 
12 

•  1 

Explosion. 
No  explosion. 

Do. 
Explosion. 

Do. 
No  explosion. 

CenUmeUrt. 
12 
11 
10 
10 
0 

1 
1 
3 
1 
5 

EigpkMrioo. 

Noeaqtaloa. 

Exploafcm. 

Noesplosioii. 

The  maximum  height  at  which  no  explosion  occurs  is  cstahlished  at  9  centimeters 
(3.54  inches). 

Explosion  by  Influence  Test. 
Weight  of  each  cartridge,  225  grams. 


Date  (1900). 

Distance 
separating 
cartridges. 

Result,  upper  car- 
triage. 

Date  (1909). 

Distance 
separating 
cartridges. 

RestdtjOpper  ear- 

Anr.  2 

Indus. 
6 
8 

7 

Exploded. 

Did  not  explode. 

Exploded. 

Apr.  3 

Indus. 
8 
8 

Did  not  exidode. 

bo.::::::.. 

Do 

Do. 

Do 

The  minimum  distance  at  which  no  explosion  occurs  is  established  at  8  inches. 


RESULTS  OF  TESTS  WITH  PERMISSIBLE  EXPLOSIVES. 


147 


Theoretical  Maximi/m  Pressure  Developed  in  Own  Volume  as  Determined 

BT  BicHEL  Pressure  Gage. 

Indicator  spring,  0.4  millimeter=l  kilogram  per  square  centimeter. 


Date  (igoo). 


Apr.  6. 
I>o 
Do 

Apr.  3. 

Apr.  7. 
Do 

Apr.  5. 
Do 
Do 


Charge. 


Orama. 
200 
200 
200 
200 
200 
200 
200 
200 
200 


Specific 
gravity. 


1.42 

1.37 
1.42 
1.58 
1.38 
1.49 
1.42 
1.42 
1.42 


Height  of 
curve. 


MiOimeterB. 
26.25 
26.50 
27.75 
24.50 
25.25 
24.50 
24.00 
23.25 
24.25 


Pmnureper 
square  cen- 
timeter. 

CooUng 
suzfBce. 

Kilograma. 

65l62 

A 

66.25 

A 

60.38 

A 

61.25 

B 

63.12 

B 

6L25 

B 

60.00 

C 

58.12 

C 

6a  62 

C 

Average 
pressure  per 
square  ceu- 

timeter. 


KUofframt. 
67.08 

61.88 

59.58 


P=sl.911A+0.5B— 1.4110=75.06  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        8=1.32.        W=200  grams. 

VPS 
N=  ^  =7,431  kUograms  per  square  centimeter  (105,687  pounds  per  square  inch). 

Products  op  Combustion  from  206  Grams  of  the  Explosive. 

Date,  June  29,  1909. 

Orams. 

Solid 62.3 

Liquid  (water) 12.0 

Gaseous 105.3 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  100  grams. 


Date  (1909). 


Apr.  5. 

Do 

Apr.  6. 


Height  of 
water. 


Kilograms. 
83.53 
83.35 
83.68 


Rise  in 
temperature. 


0.764 
.749 
.778 


Develop- 
ment per 
kilogram. 


QUorUM. 
717.8 
702.2 
732.3 


Average  large  calories  per  kilogram  of  the  explosive,  717.4. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grains. 


Height 

(Compres- 
sion. 

Date  (1900). 

Before  ex- 
plosion. 

After  explo- 
sion. 

Mar.  2ff 

Mimmeters. 
64.0 
64.0 
64.0 

Mmmeteri. 
5L6 
fi2.0 
62.0 

Mmimeters. 
12.6 

Do 

12.0 

Do 

12.0 

Average  compression,  12.2  millimeters  (0.48  inch). 
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EXPLOSIVES  USED  IN  COAL  MINES, 


Expansion  of  Bobb  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1909). 


Mar.  10 
Do. 
Do. 


Volume  of  bore  hole. 


Before  shot 


Cubic  eenti- 

metert. 

62 

62 

62 


After  shot. 


Cubic  eefUi- 

metert. 

221 

218 

218 


Expansion 
of  bore  hole. 


Cubic  cenO- 

meters. 

160 

156 

156 


Tempera- 
ture of 
block. 


•C. 


17 
17 
17 


Average  expansion  of  bore  hole,  157  cubic  centimeters  (9.58  cubic  inches). 

COALTTB  NO.  2  B. 

Explosive:  Coalite  No.  2  D. 
Class:  Nitroglycerin. 
Manufactured  by  Potts  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  220  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.27. 

Color  of  explosive,  buff. 

Consistency,  granular,  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum. 

Date,  March  1, 1909. 

Unit  swing  used  on  this  date,  3.01  inches. 

Weight  of  charge,  in  grams,  315,    315,    315. 

Swing,  in  inches,  3.08,    3.04,    3.05. 

Average  swing,  in  inches,  3.06. 

3.06  :  3.01  ::  315  :  (310). 
Therefore  the  unit  deflective  charge  of  Coalite  No.  2  D  is  310  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 


Test  l. 

lCar.9 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do.... 

Test  2. 

Mar.  9 

Do 

Do 

Do 

Do 

Do 

Mar.  10..... 
Do.... 

Do 

Do.... 


Weight 

Methane 
and 

charge. 

ethane. 

Orame. 

Percent. 

310 

7.91 

310 

7.79 

310 

7.84 

310 

8.05 

310 

7.85 

310 

7.79 

310 

8.08 

310 

8.06 

310 

7.84 

310 

8.04 

310 

3.97 

31) 

4.15 

310 

4.13 

310 

4.01 

31 
310 

4.06 

4.06 

310 

4.06 

310 

4.03 

310 

4.15 

310 

4.08 

Result. 


No  Imition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Date  (1909). 

Weight 
chfurge. 

Methane 

and 
ethane. 

Test  3. 
Mar.  U 

Cframe. 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 

a680 
0680 
fl680 
O680 
a680 

a680 

Percent. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Mar.  13 

Do 

Do 

Mar.  14 

Mar.  15 

Test  5. 

Mar.  16 

4.03 
4.08 
4.12 
3.98 
3.94 

2.00 

Result 


NoUpoitlon. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do, 
Do. 
Do. 
Do. 


No  ignition. 


a  680  grams  or  more  were  used. 


BESXJLTS  OF  TESTS  WITH  PERMISSIBLE  EXPLOSIVES. 
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Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches 
Electric  detonator,  No.  6. 


Date  (1900). 


Distance 

between 

spark  points. 


Apr.  6. 
Apr.  7. 


JiiUimeten. 
10.83 
10.62 


Peripheral 

speed  of 

drum 

per  second. 


Meters. 


43 
43 


Rate  of 
detonation 
per  second. 


Meten. 
2,655 
2,587 


Average  rate  of  detonation,  2,571  meters  (8,430  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1000). 


Apr.  0.. 

Apr.  13 

Do. 


Height  of 
photograph. 


MUUmetert. 
10.50 
10.00 
16.00 


Height  of 
flftroftr 


Jneftet. 
20.84 
20.21 
20.21 


Duration 
distance. 


UmUneUn. 
7.00 
6.60 
7.00 


Duration  of 
flame. 


0.350 
.325 
.350 


Average  height  of  flame,  20.42  inches. 
Average  duration  of  flame,  0.342  milliseconds. 


Date,  March  8,  1909. 


Impact  Tests. 


Distance  of  bU. 

Number  of 
foils. 

Result 

Distance  of  falL 

Number  of 
fiills. 

Result 

20 
15 
18 
17 
16 
15 
14 
14 

2 

1 

Explosion. 
No  explosion. 
Explosion. 

Do. 

Do. 

Do. 
No  explosion. 
Explosion. 

CetUiintteTt, 
13 
12 
12 
11 
10 
10 
0 

Explosion. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  is  established  at  9  centimeters 
(3.54  inches). 

Explosion  by  Influence  Test 

Weight  of  each  cartridge,  220  grams. 


Date  (1900). 

Distance 
separating 
cartridges. 

Res^t.  upper 
oartndge. 

Date  (1909). 

Distance 
separating 
cartridges. 

Result  t  upper 

Apr.  10 

Indket. 
6 

4 
2 

Did  not  explode. 

Do. 
Exploded. 

Apr.  12 

Incka. 
3 
4 
4 

Exploded. 
Did  not  explode. 
Do. 

Apr.  12 

^  Do.::: 

bo...:...:.. 

Do 

The  minimum  distance  at  which  no  explosion  occurs  is  established  at  4  inches. 
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EXPLOSIVES  USED  IN  COAL  MINES. 


Theoretical  Maximum  Pressure  Developed  in  Own  Volume  as  Dstb&minbd 

BT  BiCHEL  Pressure  Gaob. 

Indicator  spring,  0.4  millimeter =^1  kilogram  per  square  centimeter. 


Date  (1909). 


Apr.  10. 
Apr.  13. 

Do. 
Apr.  8.. 

Do. 

Do. 
Apr.  9.. 

Do. 
Apr.  10. 


Charge. 

Spedflc 
grsTity. 

Omnu. 

200 

1.24 

200 

1.28 

200 

1.28 

200 

1.28 

200 

1.28 

200 

1.28 

200 

1.28 

200 

1.28 

200 

1.24 

Height  of 
curve. 


MUUmeUrt. 
25.75 
20.60 
26.75 
24.60 
24.60 
24.00 
24.00 
23.25 
23.00 


Piussnre 
per  square 
oontiinetor. 


64.38 
66.25 
66.88 
61.25 
61.25 
60.00 
60.00 
68.12 
67.50 


Cooling 
surtaoe. 


A 
A 
A 

B 
B 
B 
C 
C 
C 


pressure 
per  square 
centimeter. 


KUognnu. 
66.84 

60L88 

68.54 


P=1.911A+0.5B*- 1.4110^73.64  kilograms  per  square  centimeter. 

V=15,000  cubic  centimetem.        8=1.27.       W«200  grams. 

VPS 
Ma-w-«"7,014  kilQgntms  per  square  centimeter  (99,756  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Ezplositb. 

Date,  April  7,  1909.  arama. 

SoUd 82. 3 

Liquid  (water) 11. 4 

GraseouB 85. 6 

Large  Calobies  Developed  by  1  Kilogram  of  the  Explosive. 
Chaige,  100  grams. 


Date  (1009). 


Apr.  9.. 

Do. 

Apr.  10. 


Weigbtof 
water. 


KUoffmmt. 
83.46 
83.28 
84.48 


Rise  In 
tempera- 
ture. 


•C. 

0.844 
.843 
.826 


Develop- 
mentper 
kUog^am. 


OaJoriei. 
793.3 
790.8 
784.6 


Average  large  calories  per  kilogram  of  the  explosive,  789.6. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Height 

Compiea- 
akA. 

Date  (1909). 

Before  ex- 
plosion. 

After  ex- 
plosion. 

Mftr,  ^.     ..      

MmimeUn. 
64.0 
64.0 
64.0 

liUUmiUn. 
62.0 
62.0 
62.7 

Jimimeiert. 
12.0 

Do 

12.0 

Do 

11.3 

Average  compression,  11.8  millimeters  (0.46  inch). 


EESULTS  OF  TESTS  wrFH  PEBHIS8IBLE  EXPLOSIVES. 
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Expansion  op  Borb  Hole  op  Trauzl  Lead  Blocks. 
Chaige,  10  grama. 


Dste  (1900). 


liar.  10 
Do. 
Do. 


Volume  of  bore  hole. 


Before  shot.    After  shot 

I 


CnMeeerUi- 

meten. 

62 

62 

62 


Cubic  centi- 

meten. 

212 

207 

206 


Expansion 
of  borehole. 


CtMeeenti- 

metert. 

150 

145 

144 


Tempera- 
ture of 
block. 


C. 


17 
17 
17 


Avenge  expansion  of  bore  hole,  146  cubic  centimeters  (8.91  cubic  inches). 

COLIiIBB  POWDER  NO.  2. 

Ezplofiive,  CoUier  Powder  No.  2. 

Class,  nitroglycerin. 

Manufactured  by  Keystone  National  Powder  Go. 

Physical  examination: 

Diameter  of  cartridge,  li  inches. 

Length  of  cartridge,  8  indies. 

Average  weight,  148  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.84. 

Color  of  explosive,  drab. 

Consistency,  dry,  fibrous. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  April  5, 1909. 

Unit  swing  used  on  this  date,  2.80  inches. 

Weight  of  charge,  in  grams,  280,    280,    280. 

Swing,  in  inches,  2.65,    2.55,    2.65. 

Average  swing,  in  inches,  2.617. 

2.617  :2.80::280:  (300). 
Therefc»e  the  deflective  chaige  of  Collier  Powder  No.  2  is  300  grams. 

Gas  and  Dust  6ai|.ery  No.  1. 


Welgbt 

Methane 

Weljht. 

Methane 

Date  (1900). 

and 

Result. 

Date  (1909). 

and 

Result. 

charge. 

ethane. 

1 
1 

chcurge. 

ethane. 

Tuvl. 

Tb8t3. 

draiM. 

Percent. 

Qrame. 

Percent. 

Apr^. 

Do 

800 

300 
300 
300 
300 
300 

7.90 
7.88 
7.96 
8.11 
7.96 
7.88 

No  ifmltlon. 
Do*. 

Do.              1 

Do.              1 

'  Apr.9 

Do 

,         Do 

:         Do 

1         Do 

Do 

300 
300 
300 
300 
30O 
300 

No  ignition. 
Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

300 
300 
300 

300 

7.83 
8.06 
7.88 
7.83 

Do. 

Do.              1 

Do. 

Do. 

Do 

Do 

Do 

Do 

TKST4. 

300 
300 
300 
300 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

TSCT2. 

Apr.  8 

Do 

300 
300 

3.94 
3.94 

No  Imltion. 

Apr.  10 

Do 

0680 
a680 

4.28 
4.04 

No  iioiltlon. 

Do 

300 

4.04 

Do. 

Apr.  11 

0680 

3.79 

Do. 

Do 

300 

4.04 

Do. 

Do 

0680 

3.86 

Do. 

Do 

300 

4.03 

Do. 

1         Do 

a680 

3.94 

Do. 

Do 

300 

4.11 

Do. 

1 

Do 

300 

4.11 

Do. 

Test  6. 

Do 

300 

4.03 

Do. 

Do 

300 

4.11 

Do. 

Apr.  22 

a680 

2.10 

No  ignition. 

Do 

300 

4.03 

Do. 

•  080  grems  or  more  were  used. 
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EXPLOSIVES  USED  IN  CX>AL  MIKES. 


Batb  of  Dbtokatiok. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1909). 


Distance 

between 

spark 

points. 


Peripheral 
speed  of 

drum  per 
■eooDO. 


Rata  of 
detonation 
per  second. 


May  15. 
June  18. 


MiUimetnt, 
16.97 
15.85 


MeUrt. 


43 
43 


Average  rate  of  detonation,  2,704  meters  (8,870  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Meters, 
2,684 
2,7ia 


Date  (1909). 


May  22. 
Do. 
Do. 


Height  of 
ptiotograph. 


MUUmaers. 
15.75 
16.00 
15.25 


Height  of 
flame. 


Indus. 
19.88 
20.21 
19.26 


Duration 
distance. 


MWimeUrs. 
6.50 
7.60 
7.25 


Duration 
of  flame. 


MUUseeonit. 

0.S25 

.875 

.362 


Average  height  of  flame,  19.79  inches. 
Average  duration  of  flame,  0.354  miUisecond. 


Date,  Jime  3,  1909. 


Impact  Test. 


Distance  of  . 
fftIL 

Number  oi 
falls. 

Result. 

Distance  of 
tans. 

Number  of 
fUls. 

Result. 

CenHmeters. 
15 

1 

Explosion. 

Centimeters. 
14 

5 

No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  is  establiahed  at  14  centimeters 
(5.51  inches). 

Explosion  bt  Invluxnob  Test. 

Weight  of  each  carixidge,  149  grams. 


Date  (1909). 

Distance 
separating 
cartridges. 

Result,  upper  car- 
tridge. 

Date  (1909). 

Distance 
separating 
cartridges. 

Result,  upper  car- 

June  7 

Inches. 

6 
4 
2 
3 

Did  not  explode. 

Do. 
Exipoded. 
Did  not  explode. 

June  7 

Inches. 

3 
4 
4 

Exploded. 
Did  not  explode. 

Do 

Jnn^  » ,     .. 

Do 

Do 

Do. 

Do 

The  minimum  distance  at  which  no  explosion  occurs  is  established  at  4  inches. 


VESVinS  OF  TBSTS  WITH  PEBIdSSaiiE  EXPLOSIVES. 
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THBORBTIGAIi  MaXEMUM  PrESSUBB  DByBLOPBD  IN   OWN  VOLUUB  AS  DbTBBICINBD 

BT  BiCHEL  PrESSUBE  GAOE. 

Indicator  spring,  0.4  millimeter^l  Idlogiam  per  square  centimeter. 


Date  (1909). 

Charge. 

Spedilc 
gravity. 

Height  of 
corvo. 

Pronnire 
per  square 
oentixneter. 

Cooling 
surfnce. 

Average 

pressure 

pier  square 

oentubeter. 

VftY  2t, . 

Orama. 
200 
20O 
200 
200 
200 
200 
200 
200 
200 

0.93 
.91 
.93 
.86 
.86 
.86 
.86 
.93 
.93 

JiUUmetera. 
26.50 
28.00 
27.00 
24.50 
24.75 
24.50 
23.50 
22.75 
23.50 

Kilogranu. 
66.25 
70.00 
67.50 
61.25 
61.88 
61.25 
58,75 
56.88 
58.75 

A 
A 
A 

B 
B 
B 
C 
C 
C 

Kilofframt. 

Do 

67.92 

May  29 

ICftV  26 

^*"*_r" 

Do 

61.46 

lCft7  27 .    .   

Do 

Tniml 

58.12 

Do 

P=1.911  A+0.5  B— 1.411  C=78.52  kilograms  per  square  centimeter. 
V=:15,000  cubic  centimeters.        S»0.84.        W=200  grams. 

VPS 

Ms--ynF-=s4,947  kilogTaBis  per  square  centimeter  (70,358  pounds  per  square  inch). 


Products  ov  CoMBUsnoN  vrom  200  Grams  of  the  Ezplosivb, 
Date,  May  14, 1909. 
Solid 


OlBlDS. 

60.3 

liquid  (water) 14.7 

Gaseous 114.6 

Large  Galoribs  Developed  by  1  Eilooram  of  the  Ezflosiye. 


Ghaige,  100  grams. 


Date  (1909). 


June  9.. 

June  10. 

Do.. 


Weight  of 
water. 


KilografM, 
82.27 
82.27 
82.27 


Biaeln 
tempera- 
ture. 


C. 

6.766 
.740 
.751 


Heat  de- 
veloped per 
kll^pcam. 


Calofies. 
709.1 
685.7 
696.0 


Average  large  calories  per  kilogram  of  explosive,  696.9. 


GoiiPREssiON  of  Small  Lead  Blocks. 


Ghaige,  100  grams. 


Date  (1909). 


Apr.  IS 

Apr.  21 

Do 

ATSrage  compression,  12.4  millimeters  (0.48  inch). 


Height 
hefore  ex- 
plosion. 


Minimeten, 
64.0 
64.0 
63.8 


Height  after 
explosion. 


MmmeUfi. 
51.6 
51.3 
51.7 


Ck)mp(e8- 
slon. 


MidHmaeft. 
12.6 
12.7 
Ul 
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EXPLOSIVES  VBED  IN  GOAL  MINES. 


Expansion  of  Bore  Hols  of  Thauzl  Lbad  Blocks. 
Chazge,  10  grams. 


Date  (1909). 


Apr.  10. 
Do. 
Do. 


Volume  of 

borehole 

before  shot 


CuMecenti- 

meters. 

62 

e2 

02 


Volume  of 
Ixvehole 
after  shot. 


CuhUetnU' 

nuten. 

222 

212 

205 


E: 
ofbbcehole. 


CtAieceiUt- 


100 
150 
14S 


tore  of 
biQCik. 


15 
IS 
16 


Average  expansion  of  bore  hole,  151  cubic  centimeters  (9.21  cubic  inches). 

COLLEBB  POWDE&  NO.  4. 

Explosive:  Collier  Powder  No.  4. 

Glass,  nitroglycerin. 

Manufactured  by  Keystone  National  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1|  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  150  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.88. 

Color  of  explosive,  light  buff. 

Consistency,  dry,  fibrous. 
Unit  deflective  charge  aa  determined  by  the  ballistic  pendulum: 

Date,  April  7,  1909. 

Unit  swing  used  on  this  date,  2.80  inches. 

Weight  of  charge,  in  grams,  280,    280,    280. 

Swing,  in  inches,  2.94,    2.78,    2.80. 

Average  swing,  in  inches,  2.84. 

2.84  :  2.80  :  :  280  :  :  (276). 
Therefore  the  unit  deflective  charge  of  Collier  Powder  No.  4  is  276  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1900). 


TSSTl. 

Apr.  8 

Do 

Do..... 

Do..... 

Do..... 
Apff.  9...... 

Do 

Do 

Do..... 

Do 

Tl8T2. 

Apr.  8. 

Do 

Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 


WeJcht 

1 
Methane 
and 

charge. 

ethane. 

Qnme. 

Percent. 

276 

8.24 

276 

8.14 

276 

8.22 

276 

8.11 

276 

8.09 

276 

8.06 

276 

8.06 

276 

7.83 

276 

7.90 

276 

7.81 

276 

4.03 

276 

4.28 

276 

4.19 

276 

4.19 

276 

4.11 

276 

4.03 

276 

4.10 

276 

4.19 

276 

4.03 

276 

4.11 

Result. 


No  ignition. 
Da 
Do. 
Do. 
Do. 
Do. 
Do. 
Da 
Da 
Do. 


Noixnitkm. 
Do. 
Da 
Da 
Da 
Da 
Da 
Do. 
Da 
Da 


Date  (1909). 


TbstS. 

Apr.  9 

Do 

Do..... 

Do 

Do.-... 

Do 

Do 

Apr.  10 

Do 

Do 

Test  4. 

Apr.  10..... 
Apr.  11...., 

Do 

Apr.  21 

Do.... 

TB8T6. 

Apr.  21..... 


Welcht 
charge. 


Oranu, 
276 
276 
276 
276 
276 
276 
276 
276 
276 
276 


a680 
0680 
0680 
0680 
a680 


•680 


Methane 

and 
ethane. 


Percent. 


403 
4.03 
403 
410 

419 


2.00 


Result 


Noif^tioii. 

Da 
Da 
Da 
Da 
Da 
Da 
Da 
Da 


NoiflDttioa. 

Da 
Da 
Da 


Nol0dtiOO. 


o  680  grams  or  more  w«VB  used. 


EBSULTS  OF  TESTS  WITH  PEEMISSIBLE  EXPLOSIVES, 
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Batb  of  Dbtonatiok. 


Diameter  of  cartridge,  1}  inchee. 
Electric  detonator,  No.  7. 


Date  (1909). 


June  18 
June  24 


DJrtance 

between 

spark 

points. 


MUUmetert. 
13.39 
13.16 


Peripberal 
speed  of 

dram  per 
second. 


Meter*. 


43 
43 


Rate  of 
detonatkm 
per  second. 


Meten. 
3,471 
3.270 


Average  rate  ol  detonation,  3,370  meters  (11,050  feet)  per  second. 

Flame  Tbst. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1909). 


May  28.. 
Do.. 
Do.. 


Height  of 
photograph. 


Umimelen. 
30.fi0 
30.fi0 
21.26 


Helgbtof 
fl^e. 


Inehea. 
26.80 
25.89 
26.84 


Duration 
distance. 


MUUmeUn. 

10.26 

9.76 

9.25 


Duration  of 
flame. 


MOUteeondt. 

0.612 

.488 

.402 


Average  hei^^t  of  flame,  26.21  inches. 
Average  duration  of  flame,  0.487  millisecond. 


Date,  June  3, 1909. 


Impact  Tests. 


Distance  of 
fall. 

Number  of 
fUl^. 

Rosolt. 

Distance  of 

fall. 

Number  of 
falls. 

Result. 

OenUmeten, 

CenUmeUrt. 

16 

No  explosion. 

18 

Explosion. 

20 

Do. 

17 

Do. 

25 

Explosion. 

16 

Do. 

34 

Do. 

16 

NoexploskUL 

23 

Do. 

16 

Explosion. 

22 

Do. 

14 

Do. 

21 

Do. 

13 

No  explosion. 

20 

Do. 

13 

Explosion. 

19 

Do. 

12 

5 

No  explosion. 

The  maxiinnm  height  at  which  no  explosion  occurs  is  established  at  12  centimeteiB 
(4.72  inches). 

Explosion  bt  Influence  Test. 

Weight  of  each  cartridge,  150  grams. 


DateaM9). 

Distance 
separating 
cartridges. 

Result,  upper  car- 

Date  (1909). 

Distance 
separating 
cartridges. 

Result,  upper  car- 

Tnn«  *  

Inches. 
4 
6 
6 

Exploded. 
Did  not  explode. 
Do. 

JunA  f< 

Inches. 
6 
6 
6 

Exploded. 
Did  not  explode. 
Do. 

Do 

Junp  9 . . 

Do 

Do 

The  minimiim  distance  at  which  no  explosion  occurs  is  established  at  6  inches. 
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EXPLOSIVES  USED  IN  COAL  MINES. 


Theoretical  Maximum  Pressure  Developed  in  Own  Volume  as  Determined 

BY  BiCHEL  Pressure  Gaoe. 

Indicator  spring,  0.4  millimeter =1  kilogram  per  square  centimeter. 


Date  (1909). 


June  2. 

Do. 

Do. 
June  3. 

Do. 

Do. 

Do. 
June  10 

Do. 


Charge. 

Speclflo 
gravity. 

Orams. 

aoo 

0.90 

200 

.90 

200 

.90 

200 

.90 

200 

.90 

200 

.90 

200 

.90 

200 

.90 

200 

.90 

Height  of 
curve. 


umimaen. 

27.50 
28.00 
28.00 
26.00 
24.75 
25.50 
24.00 
24.00 
25.50 


Pressure 
per  square 
centimeter. 

Cooling 
aurl!eu;e. 

Kdogmmt. 

68.75 

A 

70.00 

A 

70.00 

A 

66.00 

B 

61.88 

B 

63.75 

B 

60.00 

C 

60.00 

C 

63.75 

C 

Average 

preBsure 

per  square 

centimeter. 


XOogramt. 
69.0S 

63.54 

61.25 


P=1.911A+0.5B— 1,411C=78.31  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=0.88.        W=200  grams. 

VPS 

M=-^FT-=s5,168  kilograms  per  square  centimeter  (73,501  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive. 

Date,  May  17, 1909. 

Orams. 

SoUd '. 65.3 

Liquid  (water) 8. 2 

Gaseous 110.6 

Large  Calories  Developed  by  1  Eilooram  of  the  Explosive. 
Charge,  100  grams. 


Date  (1909). 


June  10 

June  11 

Do. 


Weight  of 
water. 


KUofframt, 
83.27 
83.27 
83.27 


Riseintem< 
perature. 


a  815 

.826 
.797 


Deydop- 
mentper 
kilogram. 


Oahriet. 
764.2 
774.6 
747.1 


Average  large  calories  per  kilogram  of  explosive,  762. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1909). 

Height 

OomproB- 
sion. 

Before 
explosion. 

After 
explosion. 

Apr.  15 

MiUimeterf. 
64.0 
64.0 
63.8 

3iaiimeUrt. 
50.0 
50.3 
40.5 

MUOmeUn. 
14.0 

Do 

13.7 

Apr.  21... 

14.3 

Average  compressiouy  14.0  millimeters  (0.55  inch). 


BBSXTLTS  OF  TESTS  WITH  PEKMISSIBIiE  EXPLOSIVES. 
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Expansion  of  Bors  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Dat«a900). 


Apr.  10 
Do. 
Do. 


Volume  of  bore  hole. 


Before  shot 


Cubk 

63 
62 
62 


After  shot. 


Cubk 

eefUimeUn. 

340 

244 

360 


Expansion 
of  bore  hole. 


Cubk 

178 
182 
196 


Tempera* 
tureof 
block. 


V. 


15 
15 
15 


Average  expaosiQii  of  bore  hole,  186  cubic  centuneteni  (11.35  cubic  inches). 

COLIiIBB  POWDEB  KO.  6. 

Exploflive,  Collier  Powder  No.  5. 
Class,  Ammonium  nitrate,  containing  nitroglycerin. 
Manu&u^tured  by  Keystone  National  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  li  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  158.5  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.97. 

Color  of  explosive,  &wn. 

Consistency,  granular,  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  April  5, 1909. 

Unit  swing  used  on  this  date,  2.80  inches. 

Weight  of  charge  in  grams,  235,    235,    235. 

Swing,  in  inches,  2.910,    2.725,    2.600. 

Average  swing  in  inches,  2.745. 

2.745:2.80::235:(240). 
Therefore  the  unit  deflective  charge  of  Collier  Powder  No.  5  is  240  grams. 

Gas  and  Dust  Gallery  No.  1. 


Weight 

Methane 

Weight 

Methane 

Date  (1909). 

and 

Result 

Date  (1909). 

and 

Result. 

cbai^. 

ethane. 

charge. 

ethane. 

TiSTl. 

TB8I3. 

Qrmtu, 

Percent, 

Oranu, 

PereerU. 

Apr.9 

Do 

240 
240 
240 
240 
349 
240 
240 
240 
240 
240 

8.09 
8.09 
7.97 
7.97 
7.98 
8.01 
7.94 
8.26 
7.97 
8.11 

No  limltion. 

Do! 
Do. 
Do. 
Do, 
Do. 
Do. 
Do. 
Do. 

Apr.9 

Apr.  10 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

240 
240 
240 
240 
240 
240 
240 
240 
240 
240 

No  IpiltiO!!!. 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Tkst  2. 

Apr.  8 

Do 

240 
240 

4.19 
4.21 

No  imltlon. 
Do. 

Apr.  10 

Apr.  11 

a680 
0680 

4.11 
3.96 

NoUmitioD. 

Do 

240 

4.19 

Do. 

Apr.  22 

0680 

3.96 

Do. 

Do 

240 

4.36 

Do. 

Do 

0680 

4.20 

Do. 

Do 

240 

4.22 

Do. 

Do 

O680 

4.06 

Do. 

Do 

240 

3.96 

Do. 

Do 

240 

4.11 

Do. 

TB8T5. 

Do 

240 

4.11 

Do. 

Do 

240 

4.03 

Do. 

Apr.  22 

O680 

3.02 

No  Ignition. 

Do 

240 

4.19 

Do. 

^2406**— BuU,  15—12- 


a  680  grams  ormore  were  used. 
-11 
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EXPIiOSIVBS  TTSBD  IN  COAL.  MINES. 


Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1900). 


June  24. 
June  25. 


Distance 

between 

spark 

iwints. 


MUUnuUn, 
17.20 
16.88 


Peripheral 

speed  of 

drum 

per  second. 


Meten. 


43 
43 


Rate  of 

detonation 

per 

second. 


Meten. 
2,500 
2,547 


Average  rate  of  detonation  2,524  meters  (8,280  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Dat«  (1909). 


May  13. 

Do. 

May  22. 


Height  of 
photograph. 


Height  of 
flame. 


Minimeters. 
1.^.25 
15.50 
16.00 


Inehet. 
19.26 
19.58 
20.21 


Duration 
distance. 


MUlhMUr: 
7.50 
7.00 
6.00 


Duration  of 
flame. 


MiUiMeemdB. 

0.375 

.350 

.300 


Average  height  of  flame,  19.68  inches. 
Average  duration  of  flame,  0.342  milliseconds. 

Impact  Tests. 


Date,  June  25,  1909. 

Distance  of 
fall. 

Numher  of 
i^Jis. 

Result. 

Distance  of 
fall. 

Number  of 
falls. 

Result. 

CenUmtttTB. 

Centimfters. 

30 

No  explosion. 

30 

Explosion. 

26 

Do. 

25 

No  explosion. 

40 

Explosion. 

26 

Explosion. 

35 

Do. 

25 

No  explosion. 

30 

No  explosion. 

25 

Explosion 

34 

Do. 

24 

Do. 

34 

Explosion. 

23 

3 

No  explosion. 

33 

Do. 

23 

1 

Explosion. 

32 

Do. 

22 

5 

No  explosion. 

31 

Do. 

The  maximum  height  at  which  no  explosion  occurs  is  established  at  22  centimeters 

(8.66  inches). 

Explosion  bt  Influence  Test. 

Weight  of  each  cartridge,  159  grams. 


Date  (1909). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1909). 

Distance 
separating 
cartrldgea. 

Result,  upper 
oartxldge. 

June  10. .  4  ... 

Tncfte*. 

4 
2 

1 

Did  not  explode. 

Do. 
Exploded. 

June  10 

Inehet. 
2 
2 

Did  not  axplode. 

Do 

Do 

Do. 

Do 

The  minimum  distance  at  which  no  explosion  occuis  is  established  at  2  inches. 


BESULTS  OF  TESTS  WITH  PEBMIS6IBLE  EXPLOSIVES. 
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Theorbtigal  Maximxtm  Pbbssubb  Dbvbloped  in  Own  Volumb  as  Dbte&uined 

BT  BiCHEL  PrESSUBE  GaOE. 

Indicator  spring,  0.4  millimeters  1  kilogram  per  square  centimeter. 


Date  (1900). 

Charge. 

SpedQc 
gfavlty. 

Height  of 
curve. 

Pmsure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Yum? ,..T .T -,--,.  . 

Oranu. 
200 
200 
200 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.03 
1.03 
1.03 
1.04 
1.04 
1.04 
1.04 
1.04 

MUUmaen. 
36.50 
37.50 
37.76 
32.00 
37.80 
36.50 
34.30 
38.50 
38.50 
37.25 
37.00 
36.50 
36.00 
28.76 

KUognmt. 
91.25 
93.75 
94.38 
80.00 
60.50 
66.25 
85.50 
71.26 
71.26 
68.12 
67.50 
63.76 
66.00 
71.88 

A 
A 

A 

B 
B 
B 
B 
B 
B 
B 
C 
C 
C 
C 

Kilogram; 

Do 

93.12 

Jon*  4 ,,--,„.,,-,-,-.. 

jniMt    1  1.  .   .  .  ,   ,   -  -  T  T  .  -  T        ,  -    ,        .  T    ,         . . 

June  12 

Do 

TnlM^    14...,..,,-        ,T        r, r 

73.13 

Do 

Do 

Do 

June  12. 

Do 

Do 

67.03 

7iin0t4 

Psl.911A+0.5B-1.411Csll9.93  kilograms  per  square  centimeter. 

V— 15,000  cubic  centimeters.        S»0.97.        W»«200  grams. 

VPS 
M  =  ry  =  8,725  kilograms  per  square  centimeter  (124,090  pounds  per  square  inch). 

Products  of  Combustion  From  200  Grams  of  the    Ezplosivb. 

Date,  May  20, 1909. 

Grams. 

SoUd 17.8 

Liquid  (water) 71.  5 

Gaseous 96.2 

Largb  Caloribs  Dbvbloped  By  1  Kilogram  of  the  Explosive. 

Chaige,  100  grams. 


Date  (1900). 


June  11. 
June  26. 


Weight  of 
water. 


KUoaramt, 
83.16 
82.13 


Rise  In 
temi)erature. 


(7. 
0.949 


Heat  derel- 
ojDed  per 
kJjograin. 


Ctaloricf. 
890.1 
832.6 


Average  large  calories  per  kilogram  of  explosive,  861.4. 

Compression  of  Small  Lead  Blocks. 
Chaige,  100  grams. 


Date  (1909). 

Height 

Comprea> 
Rion. 

Before 
explosion. 

After 
explosion. 

Apr.  16 

MtOimeUTM. 
64.0 
64.0 
64.0 

JiUUmaert. 
52.0 
61.3 
61.3 

MUOmden. 
12.0 

^Do... ; 

12.7 

Do 

12.7 

Average  compression,  12.5  millimeters  (0.49  cubic  inches). 
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EXPLOSIVES  USED  IN  COAL  MINES. 


Expansion  op  Borb  Hole  op  Trausl  Lead  Blocks. 


Charge,  10  grams. 


Date  (1000). 


Apr.  10 

Do. 

Apr.  12 


Volume  of  bore  hole. 


BeiDrashot 


OtMc 

centtmeten, 

62 

62 

62 


After  shot. 


CuMe 

ctnHfMterBm 

262 

270 

278 


Expansion 
of  bore  hole. 


Oubie 
cen^fiuteTt* 
200 
208 

216 


Tempen- 
tureof 
block. 


a 


16 
IS 
Ifi 


Average  expansion  of  bore  hole,  208  cubic  centimeters  (12.69  cubic  inches). 

MASmetlTB  X.  L.  7. 

Explosive,  Masurite  M.  L.  F. 
Class,  ammonium  nitxate. 
Manufactured  by  Masurite  Explosives  Co. 
Physical  examination: 

Packed  loose  in  5-pound  waterproof  canisters. 

Color  of  explosive,  iron  gray. 

Apparent  specific  gravity  of  prepared  cartridge  by  sand,  0.97. 

Consistency,  granular  dry  powder. 
Unit  deflective  chaige  as  determined  by  the  ballistic  pendulum: 

Date,  April  30, 1909. 

Unit  swing  used  on  this  date:  2.77  inches. 

Weight  of  charge,  in  grams:  266,  266,  266. 

Swing,  in  inches:  2.68,    2.56,    2.67. 

Average  swing,  in  inches:  2.64. 

2.64  :  2.77  :  :  266  :  (279). 
Therefore  the  unit  deflective  charge  of  Masurite  M.  L.  F.  is  279  grams. 

Gas  and  Dust  Gallbbt  No.  1. 


Date  (1909). 

Weicht 
chante. 

Methane 

and 
ethane. 

Result. 

1 

Date  (1909). 

Weisht 
chaige. 

Methane 

and 
ethane. 

Result. 

TestI. 
Mays 

Orams, 
279 
279 
279 
279 
279 
279 
279 
279 
279 
279 

279 
279 
279 
279 
279 
279 
279 
279 
279 
279 

Percent, 
7.96 
8.07 
8.16 
8.66 
8.10 
8.26 
8.25 
8.22 
8.14 
8.20 

4.14 
4.28 
4.24 
4.22 
4.24 
4.17 
4.06 
4.12 
4.15 
4.26 

No  imltion. 
t>o. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  isDltion. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Tb8i3. 
May  5. 

Oranu. 
279 
379 
279 
279 
279 
279 
279 
279 
279 
279 

•  680 
a680 
a680 
a680 

•  680 

•  680 

Percent. 

No  ijF^tion. 

mm "J"*  •-■••••• 

Do 

'do.:...::: 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Mayl 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

May  4 

Do. 

Do 

Do. 

Do 

Do. 

Test  2. 
Mar  4 

4.06 
3.98 
4.20 
3.94 
4.14 

2.10 

No  imitknL 
uo. 
Do. 
Do. 
Do. 

Noignltkm. 

^Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Test  5. 
'  Mayl 

Do 

*"*""tf  "•.•■..••• 

•  6V  ffsma  or  more  wen  Iliad. 


BE6ULT8  OF  TESTS   WITH  PEBMISSIBLE  EXPLOSIVES. 
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Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1808). 


Ai]«;.  14. 
Aug.  17. 


Distance 

between 

spark 

points. 


Mimmetere. 
13.00 
12.60 


Peripheral 

speed  of 

drum  per 

second. 


MeUre, 


46 
43 


Rate  of 
detonation 
per  second. 


Metere, 
3,402 
3,413 


Average  rate  of  detonation,  3,488  meters  (11,280  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1008). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mfty  27 . , .  

MiUimeten. 
20.60 
20.00 
20.50 

•Indue, 
25.88 
25.26 
25.88 

MUUmetere. 

laoo 

8.00 
10.00 

MttUeeamde. 
0.500 

^:::. :::::.:.: : : :::::::.:.::. 

.450 

Do 

.500 

Average  height  of  flame,  25.68  inches. 
Average  duration  of  flame,  0.483  milliseconds. 


Date,  May  5, 1909. 


IifFACT  Tests. 


Dbtaoceofliall. 

Ninnber  of 
lUls. 

Result. 

Distance  of  Calls. 

Number  of 
falls. 

Result. 

CetUhnetere. 
00 
50 
40 
30 
20 

Explosion. 
Do. 
Do. 
Do. 
Do. 

Centimeters. 
15 
18 
18 
18 
17 

1 

2 

1 
5 

No  explosion. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  is  established  at  17  centimeters 
(6.69  inches). 

Explosion  bt  Inplubnce  Test. 
Weight  of  each  cartridge,  159  grams. 


Date  (1808). 

Distance 
wparating 
cartridges. 

Result,  upper  car- 
tridgeV 

Date  (1808). 

Distance 
Msparating 
cartridges. 

Result,  upper  car- 
tridgT 

Aug.  18 

/neftet. 
2 
1 

Did  not  explode. 
Exploded. 

Aug.  18 

/ncfte*. 
2 

2 

Did  not  explode. 
Do 

Do 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  is  established  at  2  inches. 
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EXPLOfilVEB  USED  IN   COAL.  MINES. 


Theoretical  Maximum  Pressure  Developed  in  Own  Volume  as  Determined 

BT  Bichel  Pressure  Gage. 

Indicator  spring,  0.4  millimeter »=1  kilogram  per  square  centimeter. 


Date  (1900). 

ChaiKe. 

Spedfic 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
sorfaoe. 

Average 
pressure  per 
square  cen- 
timeter. 

June  21 

Ommt. 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

1.06 
1.05 
1.06 
1.06 
1.05 
1.06 
1.05 
1.05 
1.06 
1.05 

36.75 
35.12 
35.25 
36.00 
35.50 
32.38 
31.50 
31.75 
32.25 
31.25 

KUofframt. 
01.88 
87.80 
88.12 
90.00 
88.75 
80.05 
78.75 
70.38 
80.62 
78.12 

A 
A 

A 
A 
B 
B 
B 
C 
C 
C 

Kitagnnu. 

Do 

Do 

80.46 

June  22 

Jane  21 

Do 

82.82 

June  22 

Do 

Do 

70.88 

June  23 

P=1.911A+0.5  B— 1.411  C=100.34  kilogramB  per  square  centimeter. 

V= 15.000  cubic  centimeters.        S=0.97.        W=200  grams. 

VPS 
M=-^=7,300  kilograms  per  square  centimeter  (103,824  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  op  the  Explosive. 

Date,  May  21,  1909. 

Grams. 

SoUd 27.6 

Liquid  (water) 75. 5 

Gaseous 89. 8 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  100  grams. 


Date  (1900). 


June  25 
Do. 
Do. 


Weight  of 
water. 


Kitogramt. 
82.13 
82.13 
82.13 


Rise  in  tem- 
perature. 


•C. 
1.056 
1.068 
1.064 


Heat  de- 
veloped per 
kilogram. 


Qtloriet. 
970.7 
OOLO 
1006.0 


Average  large  calories  per  kilogram  of  explosive,  992.8. 


Compression  of  Sicall  Lead  Blocks. 


Chaige,  100  grams. 


Date  (1009). 

Height. 

Compres- 
sion. 

Before  ex- 
plosion. 

After  explo- 
sion. 

May  12 

MiOinuUn, 
64.0 
64.0 
64.0 

MiUimeUn. 
49.8 
49.8 
60.0 

3iUUmeUrs. 
14.2 

Do 

14.2 

Do 

14.0 

Average  compresmon,  14.1  millimeters  (0.56  inch). 


RESULTS  OF  TESTS  WITH  PERlilSSIBLE  EXPLOSIVES. 
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Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1909). 

Volume  of  bore  hole. 

Expansion 
of  bore  hole. 

Tempera- 
ture of 
block. 

Before  shot. 

After  shot. 

June  29 

metert. 
02 
62 

Cubic  eenti- 
metert. 
290 
280 

Cubk  eenth 
meUrt. 
228 
218 

•a 

29 

Do 

20 

Average  expansion  of  bore  hole,  223  cubic  centimeters  (13.60  cubic  inches). 

HBTEOB  AXZO. 

Explosive,  Meteor  AXXO. 

Class,  hydrated,  containing  nitroglycerin. 
Manufactured  by  E.  I.  Du  Pont  de  Nemours  Powder  Co. 
Fhjrsical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  356  grams. 

Cartridge  had  been  redipped  in  paraffin. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.54. 

Color  of  explosive,  dove-colored  mass  with  glistening  black  particles. 

Consistency,  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  13, 1909. 

Unit  swing  used  on  this  date,  3.01  inches. 

Weight  of  chaige,  in  grams,  440,    440,    440. 

Swing,  in  inches,  2.99,    3.00,    3.07. 

Average  swing,  in  inches,  3.05. 

3.06:  3.01:  440:  (434). 
Therefore  the  imit  deflective  charge  of  Meteor  AXXO  is  434  grams. 

Gas  and  Dust  Gallery  No.  1. 


Weleht 

Methane 

Wftl£ht 

Methane 

Date  (1900). 

and 

Result. 

Date  (1909). 

and 

Result. 

charge. 

ethane. 

charge. 

ethane. 

Test  1. 

Test  3. 

Oramt. 

Percent. 

Oramf. 

Percent. 

Feb.  16 

434 

8.02 

No  Iffnitlon. 

DO. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Feb.  19 

434 

Noienltion. 
Do. 

Do 

434 
434 
434 
434 
434 
434 
434 
434 
434 

7.88 
7.90 
7.85 
7.77 
7.9a 
7.89 
7.80 
8.02 
7.88 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

434 
434 
434 
434 
434 
434 
434 
434 
434 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do.'. 

Do. 

Do 

Do. 

Do 

Do. 

Test  2. 

Feb.  17 

434 

4.04 

No  ixnition. 

DO. 

Feb.  21 

0680 

3.83 

No  Ignition. 
Do. 

Do 

434 

3.97 

Do 

a680 

3.79 

Do 

434 

3.93 

Do.              1 

Do 

0680 

3.74 

Do. 

Do 

434 

4.02 

Do. 

Feb.  23 

0680 

3.85 

Do. 

Do 

434 

3.74 

Do. 

Do 

0680 

4.03 

Do. 

Do 

434 

3.95 

Do. 

Do 

434 

3.96 

Do. 

Test  6. 

Do 

434 

4.01 

Do. 

Do 

434 

4.04 

Do. 

Feb.  34 

O680 

2.04 

No  ignition. 

Do 

434 

4.03 

Do. 

1 

•  680  giams  or  xnoTB  were  used. 


J 
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EXPLOSIVES  USED  IN  COAL  MIKES. 


Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1909). 


Aug.  13. 
Do. 


Distance 

between 

spark 

points. 


MminuUrs. 
17.03 
16.53 


Peripheral 
speed  of 
drum 


seoom 


r 


iSettn* 


43 
43 


Rate  of 
detonation 
per  second. 


Uettn. 
2,525 
2,601 


Average  rate  of  detonation  2,563  meters  (8,410  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1909). 

Height  of 
photograph. 

Height  of 
flame. 

Duration, 
distance. 

Duration 
of  flame. 

Mar.  12 

AfOUmetert. 
14.00 
13.75 
14.38 

Ifiehes, 
17.68 
17.87 
18.16 

mmimetert. 
6.62 
6.75 
6.62 

MOUaeconis. 
0.331 

Do 

.338 

Do , 

.331 

Average  height  of  flame,  17.74  inches. 
Average  duration  of  flame,  0.333  milliseconds. 


Date,  February  19, 1909. 


Impact  Testb. 


Distance  of 
11(01. 

Number  of 
fUls. 

Result. 

Distance  of 
fsU. 

Number  of 
falls. 

Result 

OenHmeUrt, 
15 
14 
13 
12 
11 

Explosion. 
Do. 
Do. 
Do. 
Do. 

Centimeten. 
10 
10 

9 

9 

8 

2 
1 
2 
1 

5 

No  explosion. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion 

The  maximum  height  at  which  no  explosion  occurs  is  established  at  8  centimeters 
(3.15  inches). 

Explosion  bt  Influence  Test. 

Weight  of  each  cartridge,  249  grams. 


Date  (1909). 

Distance 
separating 
caitridges. 

Result,  upper 
cartridge. 

Date  (1909). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Mar.  23 

Inchei, 
6 
6 

4 

Did  not  explode. 
Do. 
Do. 

Mar.  24 

'3 

4 
4 

Exploded. 
Did  not  explode. 
Do. 

Mar.  24. 

Mar.  26 

Do 

Do 

The  minimum  distance  at  which  no  explosion  occurs  is  established  at  4  inches. 


RESULTS  OF  TESTS  WITH  PERMISSIBLE  EXPLOSIVES. 
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Thborktical  Maximum  Prbssurb  Devslopsd  in  Own  Volumb  as  Determined 

BT  BiCHEL  PbEBBURE  GaOE. 

Indicator  spring,  0.56  millimeters^l  kilogram  per  square  centimeter. 


Date  (1000). 

Charge. 

Spedflo 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
sur&oe. 

Average 

pressure 

])er  square 

centimeter. 

Feb.  16 

Qtama. 
100 
100 
100 
100 
100 
100 
100 
100 
100 

1.47 
1.47 
1.47 
1.67 
1.57 
1.57 
1.57 
1.57 
1.57 

laUimeten. 
13.50 
13.20 
13.00 
11.00 
11.50 
11.25 
11.25 
10.45 
10.50 

KUogmmi, 
24.10 
23.57 
23.21 
10.64 
20.54 
20.00 
20.00 
18.66 
18.76 

A 
A 
A 

B 
B 
B 
C 
C 
C 

KUogrami, 

Do 

23.63 

Feb.  17 

Mat.  26 

Do 

20.00 

Do 

Mar.  57        

Do 

10. 17 

Do 

P—1.91IA+0.5B— 1.4110=28.56  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.54.        W=100  grams. 

VPS 
M»-^ =6,597  kilograms  per  square  centimeter  (93,825  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  thb  Exflosifb. 


Date,  May  24, 1909. 


Grams. 
56.0 


SoUd 

Liquid  (water) 33. 0 

Gaseous 86. 1 

LaROB  GaLORIBS  DbVELOPBD  BT  1  ElLOORAM  OF  THE  EXFLOSIVE. 


Charge,  100  grams. 


Date  (1000). 


Mar.  26. 

Do. 

Mar.  27. 


Weight  of 
water. 


KBogmnu. 
81.25 
81.40 
83.48 


Rise  in 

temperap 

ture. 


a 

0.647 
.674 
.663 


Heat  de- 
veloped per 
kilogram. 


QOoriu. 
601.8 
618.6 
621.4 


Average  large  calories  per  kilogram  of  explosive,  610.6. 


COMPRBSSION   OF  SmALL  LeAD  BlOGKS. 


Charge,  100  grams. 


Height. 

Date  (1000). 

Before 
ezploaion. 

After 
explosion. 

Comprenion. 

FrtKlO 

nmmeUn. 
64.0 
64.0 
64.0 

liOUmden. 
64.8 
64.6 
65.0 

MBUmetert. 
0.2 

Do 

0  5 

Do 

0  0 

Average  compreesion,  9.2  milUmeters  (0.36  inch). 
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EXPLOSIVES  USED  IN  COAL.  MIKES. 


Expansion  of  Bore  Holb  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Date  (1900). 


Oct.  10 
Do 
Do 


Volume  of  bore  hole. 


Before 
shot. 


OuJbicuiUi- 

meters. 

62 

62 

62 


After 
Bbot. 


OtMeeenti- 

metere, 

190 

106 

194 


Expansion 
of  borehole. 


OubieuiUi- 

metere* 

128 

133 

132 


Tempera- 
ture of 
block. 


•C. 


15 
13 
15 


Average  expaDsion  of  bore  hole,  131  cubic  centimeterB  (7.99  cubic  inchee). 

ICONOBBIi  NO.  1. 

Explosive,  Monobel  No.  1. 

OlasBi  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  E.  I.  Du  Pont  de  Nemours  Powder  Co.' 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  220  grams. 

Cartridge  had  been  redipped  in  paraffin. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.97. 

Color  of  explosive,  ocher. 

Consistency,  rather  dry,  fibrous  powder. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  2,  1909. 

Unit  swing  used  on  this  date,  3.01  inches. 

Weight  of  charge,  in  grams,  225,    225,    225. 

Swing,  in  inches,  3.22,    3.11,    3.09. 

Average  swing,  in  inches,  3.14. 

3.14  :  3.01  :  :  225  :  (216). 
Therefore  the  unit  deflective  charge  of  Monobel  No.  1  is  216  grams. 

Gas  and  Dust  Gallery  No.  1. 


Weifht 

Methane 

Weifht 

Methane 

Date  (1900). 

and 

Result. 

Date  (1909). 

and 

Result. 

charge. 

ethane. 

charge. 

ethane. 

Test  1. 

Test  3. 

Qrame. 

Ptr  cent. 

Omme. 

Percent. 

Feb.  8 

216 

8.43 

Noimition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Feb.  4 

216 

No  imition. 
Do. 

Do 

216 
216 
216 
216 
216 
216 
216 
216 
216 

7.96 
7.84 
8.33 
8.04 
7.91 
7.89 
8.01 
8.10 
8.24 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Feb.  5 

Do 

Test  4. 

216 
216 
216 
216 
216 
216 
216 
216 
216 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Feb.  19 

Do. 

Test  2. 

Feb.  4 

216 

4.15 

No  isiltlon. 
Do. 

Mar.  2 

a680 

3.99 

No  Ignition. 
Do. 

Do 

216 

4.13 

Do 

«G80 

4.05 

Do 

216 

3.85 

Do. 

Do 

«Gyo 

4.05 

Do. 

Do 

216 

3.98 

Do. 

Mar.  5 

aC80 

4.02 

Do. 

Do 

216 

4.00 

Do. 

Do 

41680 

4.02 

Do. 

Do 

216 

4.04 

Do. 

Do 

216 

3.88 

Do.              1 

Test  5. 

Do 

216 

4.09 

Do. 

Do 

216 

4.02 

Do. 

Feb.  12 

•  680 

2.01 

No  Ignition. 

Do 

216 

3.91 

Do. 

•660  grams  or  more  were  used. 


BESULTS  OF  TESTS  WITH  PEBMISSIBLE  EXPLOSIVES. 
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Rate  of  Dbtonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  6. 


Date  (1909). 

Distance 

between 

spark 

I>oint8. 

Peripheral 

speed  of 

drum  per 

second. 

Rate  of  de- 
tonation 
per  second. 

Mar.  10 

MilUmeUrs. 
12.08 
12.02 

Meters, 
43 
43 

Meurt. 

3,560 

3,6n 

V^r.  11 

Average  rate  of  detonation  3,568  meters  (11,700  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1909). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Dnratkm 
of  flame. 

Mar.  U 

MUUmeten, 
17.12 
15.76 
17.62 

Inehee, 
21.63 
19.89 
22.26 

MUlinuUre. 
5.25 
5.00 
5.25 

MUlUeeondt. 
0.262 

Do 

.250 

Do 

.202 

Average  height  of  flame,  21.26  inches. 
Average  duration  of  flame,  0.258  milliseconds. 


Date,  February  2, 1909. 


Impact  Tests. 


Distance  of 
liJl. 

Number  of 
fiOb. 

Result. 

Distance  of 
faU. 

Number  of 
teUs. 

Result. 

Oenthnetert. 
20 
30 
25 
27 
28 

No  explosion. 
Explosion. 
No  explosion. 

Do. 
Explosion. 

CenHmeUrs, 
27 
26 
25 
25 
24 

1 

1 
3 
1 
5 

Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  is  established  at  24  centimeters 
(9.45  inches). 

Expix)8iON  BY  Influence  Test. 
Weight  of  each  cartridge,  175  grams. 


Date  (1900). 

Distance 
separatin-; 
cartridges. 

Result,  upper 
cartridge. 

Date  (1000). 

1 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Mw.n.    .. 

Inehee, 
8 
6 
4 

2 

1 

Did  not  explode. 

Do. 

Do. 

Do. 
Exploded. 

Mar.  15 

Iwkes. 
2 
3 
3 
4 
4 

Exploded. 
Did  not  explode. 
Explosion. 
Did  not  explode. 
Do. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

The  minimum  distance  at  which  no  explosion  occurs  is  established  at  4  inches. 
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EXPLOSIVES  USED  IK  COAL  MINES. 


Theoretical  Maximum  PREssxmB  BbvsiiOped  in  Own  Volume  as  Determined 

BY  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.4  centimeter8«l  kilogram  per  square  centimeter. 


Date  (1900). 

Charge. 

Speelflo 
gravity. 

Haight  of 
curve. 

Pressure 
per  square 
centimeter. 

CooUng 
sarfBoe. 

Avenge 

pressure 

per  square 

oentJnieter. 

Unf.  1.1 

Onvu. 
100 
100 
100 
100 
100 
100 
100 
100 
100 

0.93 
.93 
.93 
.93 
.93 
.«S 
.93 
.93 
.93 

MUlimeUrt, 
20.63 
19.50 
20.50 
18.75 
18.75 
18.50 
17.50 
17.02 
17.50 

KUognvu. 
5L50 
48.75 
51.25 
40.88 
40.88 
49.25 
43.75 
44.06 
43.75 

A 
A 
A 
B 

§    i 

C 
C 

c 

Kihgmnu. 

Do 

60.a2 

Do 

Mat.  11.  . 

Do 

40.87 

Do 

Mftr.  12,., 

Mar.  13 

43.85 

Do 

P=1.911A+0.5B— 1.4110=58.01  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=0.97.        W=100  grains. 

VPS 
M=~==- =8,440  kilograms  per  square  centimeter  (120,037  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Ezflobive. 


Date,  June  28,  1909. 


Grams. 
2.9 


Solid 

Liquid  (water) 80. 6 

Gaseous 110. 1 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  75  grams. 


Date  (1900). 

Weight  of 
water. 

Rise  in 
temperature. 

Hest  devel- 
oped per 
kilogram. 

Mar.  9 

KUogravu. 
82.45 
82.05 
81.85 

•c. 

0.920 
.936 
.903 

CUoHef. 
1,141.6 

Mar.  10 

l,156u7 

Do 

1,113.1 

Average  large  calories  per  kilogram  of  explosive,  1,137.1. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1909). 


Feb.  2. 
Do. 
Do, 


Hel^t. 


Before  ex- 
plosion. 


MUlimaert, 
64.0 
64.0 
64.0 


After  ex- 
plosion. 


2immeten, 
54.8 
64.0 
54.8 


Complex 
sion. 


UfUlmeUn, 
9.2 

lao 

9.2 


Average  compression,  9.5  millimeters  (0.37  inch). 


RESULTS  OF  TESTS  WITH  PEBMISSIBt£  EXPLOSIVES. 
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Expansion  of  Bore  Hole  of  Trauzl  Lead  Block. 


Ghaxge,  10  grams. 


VoHmie  of  bore  hole. 

Expenskm 

01  bote 

hole. 

Tempen^ 

DiBte  (1900). 

ft 

Belbre 
shot 

After 
ahot. 

tun  of 
Mock. 

Oct.  16 

Cubic  eenH' 

02 
02 
02 

OubkeenH- 

meten. 

875 

804 

370 

OMecenti' 

meUrt. 

813 

803 

30S 

•c. 

15 

Do 

15 

Do 

15 

Average  expftDBion  of  bore  hole,  308  cubic  centimeters  (18.79  cubic  incbM). 


CHAPTER  VI. 
BESUIiTS  OP  TESTS  WITH  DYNAMTTB. 

By  Glabence  Hall  and  8.  P.  Howell. 


FTTTSBTTBaH  TSSTIKG  STATION  STANDARD  DYNAHTTB. 


Explosive,  Pittsbiuigh  Testing  Station  standard  dynamite. 
Class,  nitroglycerin. 
Physical  examination: 

Diameter  of  cartridge,  1^  inches. 
Length  of  cartridge,  8  inches. 
Average  weight,  229  grams. 
Cartridge  had  been  redipped  in  paraffin. 
Apparent  specific  gravity  of  cartridge  by  sand,  1.22. 
Color  of  explosive,  cafe-au-lait. 
Consistency,  fibrous  and  cohesive. 
Determination  of  unit  swing  by  ballistic  pendulum: 
Charge,  227  grams — 

Date,  November  26,  1909— 

Swing,  in  inches,  2.92,    2.97,    2.85. 
Average  swing,  in  inches,  2.91. 
Date,  January  25,  1909— 

Swing,  in  inches,  3.095,    2.940,    2.995. 
Average  swing,  in  inches,  3.01. 
Date,  April  5,  1909— 

Swing,  in  inches,  2.865,    2.730,    2.805. 
Average  swing  in  inches,  2.80. 
Date,  April  30,  1909— 

Swing,  in  inches,  2.70,    2.82,    2.80. 
Average  swing,  in  inches,  2.77. 
Date,  May  10, 1909— 

Swing,  in  inches,  2.92,    2.88,    2.78. 
Average  swing,  in  inches,  2.86. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 

Weight  of 
charge. 

Methane 
and  ethane. 

Result. 

Test  4. 

Oct.  27 

Do 

Do 

Oram*. 
100 
50 
25 

Percent. 
4.06 
4.06 
4.08 

Ignitkm. 
Do. 
Do. 

Limit  charge  established  at  0  gram. 

During  the  period  covered  by  this  report  many  tests  were  run  with  40  per  cent 
nitroglycerin  dynamite  of  the  grade  herein  reported  and  other  grades,  and  in  every 
case  ignition  resulted  whether  the  explosive  was  fired  into  gas  and  air,  dust  and  air, 
or  gas,  dust,  and  air. 
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RESULTS  OF  TESTS  WITH  DYNAMITE. 


Ratb  or  Dbtonation. 
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Diameter  df  cartridge,  1}  inches. 
Electric  detonator,  No.  6. 


Date  (1900). 

Distance 

between 

spark  points. 

Peripheral 

speed  of 

drum  per 

seoood. 

Bate  of 
detonation 
per  second. 

Mfir,  A 

UUUmeten, 
9.367 
0.200 

Meten. 
43.6 
43.6 

Meten. 
4,640 
4,728 

Do 

Average  rate  of  detonation,  4,688  meters  (15,380  feet)  per  second. 

Flamb  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1909). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration 
of  flame. 

Oct.  28 

MUUmeten. 
19.60 
17.60 
21.60 

Tfneket. 
24.63 
22.11 
27.16 

MUUmeten. 
7.00 
6.60 
8.00 

MiUieecmdt. 
0.360 

Do 

.325 

Do 

.400 

Average  height  of  flame,  24.63  inches. 
Average  duration  of  flame,  0.358  milliseconds. 


Date,  January  22,  1909. 


Impact  Test. 


fall. 

Number  of 
falls. 

Result. 

Distance  of 
fall. 

Number  of 
falls. 

Result. 

Ctntlmeten. 
11 
11 

2 

1 

No  explosion. 
Explosion. 

1 

CetUimetert. 
10 

5 

No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  is  estahliahed  at  10  centimeters 
(3.94  inches). 

Explosion  bt  Influence  Test. 

Weight  of  each  cartridge,  196  grams. 


Date  (1909). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1909). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Nov.  16 

Inches. 
13 
14 
14 
14 
16 

1 

Exploded. 

Did  not  explode. 

Exploded. 

Do.                      i 

Do. 

Nov.  16 

Ifuitet. 
16 
16 

17 
17 

Did  not  explode. 

Exploded. 

Did  not  exnlode. 

Do 

Do 

Do 

Do 

Do 

Do 

Do. 

Nov.  16 

Do 

17 

1 

Do. 

The  min'Tn""!  distance  at  which  no  explosion  occurs  is  established  at  17  inches. 


172 


EZPL0BIVB6  USED  IN  COAIi  MINES. 


Theoretical  Mazdcuh  Prebsubx  Dbvblopkd  in  Own  Volume,  as  Dbtbrmined 

BY  BiOHEL  Pressure  Gage. 

Indicator  Bpiing,  0.56  millimeterBBl  kilogram  per  square  centimeter. 


Date  (1906). 


Dec.  16 

Do 

Do 

Mar.  1,1900. 

Do 

Do 

Do 

Do 

Mar.  2. 


Charge. 

Spedflc 
gravity. 

Ormmt. 

100 

1.24 

100 

1.24 

100 

1.24 

100 

1.18 

100 

1.18 

100 

1.24 

100 

1.24 

100 

1.18 

100 

1.24 

Height  of 
curve. 


MimmeUTs. 
21.50 
21.fi0 
21.00 
IS,  BO 
l&OO 
19.00 
17.75 
17.50 
17.50 


Preasure 
persqaare 
centimeter. 


EUognmi. 
88.30 
88.30 
37.50 
33.03 
32.14 
33.98 
31.00 
31.25 
31.25 


Cooling 
surface. 


A 

A 
A 
B 
B 
B 
C 
<3 
C 


Avenge 

preasure 

per  square 

centimeter. 


KUofftamt, 
38.09 

33.03 

31.40 


P=1.911A+0.58B-1.411Ca.45.00  kilograms  per  square  centimeter. 

V«=15,000  cubic  centimeters.        S»1.28       WnlOO  grams. 

VPS 
M=:-^=8,235  kilograms  per  square  centimeter  (117,121  pounds  per  square  inch). 

Products  or  Combustion  from  200  Grams  or  cte  Explosive. 

Date,  June  22,  1909. 

Grams. 

Solid 79.7 

Liquid  (water) 14. 5 

Gaseous 88.4 

GASEOUS  products  OP  COMBUSTION.  Percent 

by  volume. 

Carbon  dioxide .' 51. 4 

Carbon  monoxide 5. 0 

Hydrogen 2.2 

Methane 3 

Nitrogen 41.1 

100.0 

SOLID  PRODUCTS   OF  COMBUSTION. 

Percent. 

Soluble  (sodium  carbonate) 79. 43 

Insoluble  (calcium  carbonate,  trace  of  imbumed  carbonaceous  matter,  and 
carbonates  and  oxides  of  copper,  iron,  and  tin).. ..I' 20. 67 

100.00 

GASEOUS  PRODUCTS  OF  COMBUSTION  FROM  200  GRAMS  OF  THE   EXPLOSIVB  AND  12.4 

GRAMS  OF  PAPER  WRAPPER. 

[A.  L.  Hyde,  analyst.]  Per  cent. 

Carbon  dioxide 27. 3 

Carbon  monoxide 26. 9 

Hydrogen 18.0 

Methane 4 

Nitrogen 27.4 

100.0 


EBBULTS  OF  TESTS  WITH  DYNAMITE. 
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Labob  Calories  Dbyelopbd  bt  1  Eilooram  of  thb  Ezflosiyb. 
Ghaige,  100  grams. 


Date  (1909). 

Weight  of 
water. 

Rlaeintem- 
peratore. 

Heat  de- 
veloped per 
kilogram. 

Mar.  2 

Kiloonmi. 
81.06 
81.90 
81.75 

•a 

1.310 
1.318 
1.322 

OaJortea. 
1,216.3 

lCar.3 

1,223.1 
1,224.8 

Do 

Average  large  calories  per  kilogram  of  explosive,  1,221.4. 

GoMPRSssioN  OF  Small  Lbad  Blocks. 


Date  (1909). 

Weight  of 

Height. 

Oompna- 
slon. 

Before 
exploskm. 

After 

Feb.  24 

Chranu. 
100 
26 

MUHmeten. 
M.0 
04.0 

MdUmeten. 

(•) 
48.0 

MUOmetert. 

Mar.  3 

10.0 

«  Top  of  block  shattered. 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1909). 


Volume  of  bore  hole. 


Before 
shot. 


Oct.  16. 
Do. 
Do. 


CubkcenO- 

ncUrtm 

62 

62 

62 


After 
shot. 


Culbkctnti- 

mtters. 

337 

344 

338 


Exp».K« 
borehole. 


Oubieeenth 

metert. 

276 

282 

276 


Tempera- 
ture of 
block. 


'C. 


15 
15 
15 


Average  expansion  of  bore  hole,  278  cubic  centimeters  (16.96  cubic  inches). 
2406^— Bull.  15—12 ^12 


CHAPTER  VIl. 

RESIJIiTS  OP  TESTS  WITH  BLACK  BLASTING  POWDER, 

By  Clabencb  Hall  and  S.  P.  Howell. 


FFF  BLACK  BLASTINa  POWDBR 

Explosive,  FFF  black  blastiiig  powder. 
Class,  black  powder. 

Apparent  specific  gravity  of  prepared  cartridge  by  sand,  1.25. 
Color,  black. 
Consistency,  granular. 

Unit  deflective  chaige,  using  1  potmd  of  tamping,  as  determined  by  (be  ballistic 
pendulum: 

Date,  November  26,  1909. 

Unit  swing  on  this  date,  2.91  inches. 

Weight  of  charge,  in  grams,  460,    460,    460. 

Swing,  in  inches,  2.87,    2.90,    3.00. 

Average  swing,  in  inches,  2.92. 

2.92  :  2.91  ::  460  :  (458). 

Therefore  the  unit  deflective  chaige  of  FFF  black  blasting  powder,  using  1  pound 
of  tamping,  is  458  grams. 

Unit  deflective  chaige,  using  2  pounds  of  tamping,  as  determined  by  the  ballistic 
pendulum: 

Date,  February  25,  26,  27,  1909. 
Unit  swing  on  these  dates,  3.01  inches. 
Weight  of  chaige,  in  grams,  375,    375,    375. 
Swing,  in  inches,  3.03,    3.03,    3.00. 
Average  swing,  in  inches,  3.02. 

3.02  :  3.01  ::  3.75  :  (374). 

Therefore  the  imit  deflective  charge  of  FFF  black  blasting  powder,  using  2  pounds 
of  tamping,  is  374  grams. 

During  the  period  covered  by  this  bulletin  many  tests  were  run  with  various  grades 
of  black  blasting  powder  and  in  every  case  an  ignition  resulted,  whether  the  shot  was 
made  into  gas  and  air,  dust  and  air,  or  gas,  dust,  and  air. 


Electric  igniter  used. 


Rate  of  Burning. 


Date  (1909). 

Distance 

bet^reen 

spark 

points. 

Peripheral 
speed  of 
dnimper 
second. 

Rate  of 

burning  Twir 

seoona. 

Apr.  22. 

MUUmeUrs, 
53.26 

Metert, 
25 

Metert. 
460.4 

Rate  of  burning  469.4  meters  (1,540  feet)  per  second.    This  test  was  made  with  an 
FF  black  blasting  powder. 
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RESULTS  OF  TESTS  WITH  BLACK  BLASTING  POWDER 
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Fl^mb  Tsot. 
Peripheral  speed  of  film,  0.40  meter  per  Becond, 


Date  (1909). 

Height  of 
photogreph. 

HAlght  of 
flame. 

Dtuation 

Daiatloii  of 

Iffur.  3 

MWimeUrf. 
43.0 

64.'32 

MUUmeten. 
370.00 

MmUeeondt. 
026.000 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume  as  Determined 

BT  BicHBL  Pressure  Gage. 

Indicator  spring,  0.56  millimeter  »  1  kilogram  per  square  centimeter. 


Date  (1900). 

Gharge. 

Spedfle 
giavity. 

Height  of 
carve. 

PruBiue 
per  square 
centimeter. 

Cooling 
sorfBoe. 

Ayen«e 
pressore  per 
square  centi- 
meter. 

Jan.  g 

200 
200 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

1.34 
1.21 
1.22 
1.21 
1.33 
1.36 
1.41 
1.42 
1.62 
1.47 
1.41 
1.44 

MOUmeUn. 
26.60 
26.60 
26.60 
26.26 
22.60 
23.26 
23.60 
24.00 
22.00 
22.00 
22.76 
22.60 

KUoffnms. 
46.54 
46.64 
46.64 
46.02 
40.18 
41.62 
41.06 
42.86 
39.20 
39.20 
40.63 
40.18 

A 
A 
A 
A 

B 
B 
B 
B 
C 
C 
C 
C 

KQodnnu. 

Jan.  13 

46.42 

Do 

Do 

Mar.  18 

Mar.  10 

41.63 

Mar.  29  ..... 

Do 

Mar.  10 

Do 

80.86 

Mat.  30     . 

Do 

P=1.911  A+0.5B— 1.411  C.=51.38  kilograms  per  square  centimeter. 
V=15^  cubic  centimeters.        S=1.25.        W=200  grams. 

M=-==^»4,817  kilograms  per  square  centimeter  (68,509  pounds  per  square  inch). 

Products  of  CoMBUsmoN  from  300  Grams  of  the  Explosive. 

Date,  March  16, 1909. 

Onuns. 

SoUd 126.9 

Liquid  (witer) 4.1 

Gaseous 154.4 

GASEOUS  PRODUCTS  OF  COMBUSTION. 

Percent 
by  Yolume. 

Carbon  dioxide 49. 7 

Carbon  monoxide 10. 8 

Hydrogen  sulphide 8. 7 

Hydrogen 1 1. 8 

Methane 6 

Nitrogen 28.4 

100.0 

SOLID  PRODUCTS  OF  COMBUSTION. 

Per  cent. 

Soluble  (sodium  carbonate  and  suphide  with  small  amounts  of  sulphate  and 

sulphite) 91.2 

Insoluble  (carbon  and  sulphur  in  combination  with  iron  and  copper) 8. 8 

100.0 
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EXPLOSIVES  USED  IN   GOAL  MINES. 


Lasob  Calobibb  Dbvblopbd  by  1  Kilogram  op  thb  Ezplosiyb. 


Gbaige,  200  gzanifi. 


Date  (1900). 


Apr.  1. 
Apr.  2. 


Weight  or 
water. 


^lofframs. 
82.77 
82.11 


Rise  in  tem- 
perature. 


•a 

L640 
L788 


Heat  de- 
veloped per 
kilogram. 


CWoriet. 
700.1 
800.6 


Average  large  calories  per  kilogram,  of  exploeive,  789.4. 

Expansion  of  Borb  Holb  of  Trauzl  Lbad  Block. 
Charge,  10  grains. 


Date  (1000). 


Dec  6.. 
Do. 
Do. 


Volume  of  bore  hole. 


Before  shot 


meUrt. 
02 
02 
62 


After  shot 


CuhkeetM' 

metert, 

90 

91 

92 


Expansion 
of  bwe  hole. 


CiMccenti- 

metert. 

28 

29 

30 


Tempera- 
ture of 
block. 


•C. 


15 

15 
15 


Average  expaoBion  of  bore  hole,  29  cubic  centimeters. 

The  average  expansion  of  bore  hole  from  three  tests  made  December  6,  1909,  with 
No.  7  electric  detonators,  gave  5  cubic  centimeters.  The  detonators  were  placed  in  a 
cartridge  of  sand  and  then  tamped  in  the  usual  manner. 


CHAPTER  VIII. 

RESIJI/rS   OF  TESTS   OF  FOUR  FOKEION   EXPLOSIVES. 

By  Clabbncb  Hall  and  S.  P.  Howbll. 


After  the  apparatus  for  testing  explosives  had  been  installed  at  the 
Pittsburgh  testing  station,  comparative  tests  were  made  with  the 
different  classes  of  so-called  safety  powders  then  on  the  market.  The 
results  of  these  tests  indicated  that  several  of  the  explosives  would 
pass  the  gallery  tests  when  the  charge  was  stemmed,  but  the  highest 
limit  charge  established  with  unstemmed  shots  when  fired  in  the 
presence  of  a  mixture  of  gas  and  air  containing  8  per  cent  of  gas 
(methane  and  ethane)  was  only  100  grams.  Repeated  tests  demon- 
strated that  this  limit  charge  could  not  be  increased,  even  when  loaded 
under  special  charging  densities. 

One  of  the  explosives  tested  was  similar  in  composition  to  a  foreign 
"permitted"  explosive  of  the  nitroglycerin  class,  which  was  said  to 
have  a  limit  charge  of  900  grams.  Through  the  courtesy  of  one  of 
the  foreign  testing  stations,  samples  of  this  permitted  explosive  and 
of  three  other  foreign  permitted  explosives  were  procured  for  com- 
parative tests.  The  following  chapter  gives  in  detail  the  results  of 
tests  of  these  four  explosives.  Owing  to  the  short  time  allotted, 
several  of  the  tests  were  modified  as  to  the  number  of  trials;  others 
wise  tests  were  conducted  and  methods  were  followed  under  approxi- 
mately the  same  procedure  as  that  of  the  foreign  stations.  It  is  to 
be  noted  that  the  highest  limit  charge  established  with  the  foreign 
explosives  was  only  50  grams.  It  was  found  after  repeated  tests 
that  the  limit  charge  could  not  be  increased,  even  when  loaded  under 
special  charging  densities. 

The  results  of  tests  indicated  that  all  of  the  foreign  explosives 
would  pass  the  British  tests,  but  would  probably  fail  to  pass  the  Con- 
tinental tests.  Only  one  of  the  explosives  submitted,  namely,  explo- 
sive ''D,"  would  pass  the  test  requirements  requisite  for  its  being 
placed  in  the  United  States  permissible  list. 

The  conclusions  drawn  were  that  the  natural  gas  used  at  the  Pitts- 
burgh testing  station  was  more  sensitive  than  the  pit  gas  used  abroad, 
and  that  for  this  reason  the  percentage  of  gas  used  at  Pittsburgh 
would  necessarily  have  to  be  reduced  in  order  to  obtain  results  com- 
parable with  those  obtained  abroad. 
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178  EXPLOSIVES  USED  IN   COAL  MINES. 

For  convenience  in  reporting  the  results  of  tests  the  four  foreign 
explosives  are  here  designated  explosives  A,  B,  C,  and  D. 

Explosive  A. 
Glass,  black  powder. 
Physical  examination: 

Diameter  of  cartridge,  3.9  centimoterB  (1.5  inches).  • 

Length  of  cartridge,  5.8  centimeters  (2.25  inches). 

Average  weight,  92  grams. 

The  compressed  pellet  had  been  dipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.36. 

Color  of  explosive,  black  and  white,  speckled. 

Consistency,  compressed  pellet. 
Explosive  B. 
Class,  ammonium  nitrate. 
Physical  examination: 

Diameter  of  cartridge,  4.0  centimeters  (1.5  inches). 

Length  of  cartridge,  9.5  centimeters  (3.65  inches). 

Average  weight,  116  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.79. 

Color  of  explosive,  yellow. 

Consistency,  granular. 
Explosive  C. 

Class,  ammonium  nitrate,  containing  nitioglycain. 
Physical  examination: 

Diameter  of  cartridge,  4.2  centimeters  (1.67  inches). 

Length  of  cartridge,  8.0  centimeters  (3.25  inches). 

Average  weight,  113.5  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.95. 

Color  of  explosive,  buff. 

Consistency,  dry,  fibrous. 
Explosive  D. 
Class,  nitroglycerin. 
Physical  examination: 

Diameter  of  cartridge,  4.0  centimeters  (1.5  inches). 

Length  of  cartridge,  19.0  centimeters  (7.5  inches). 

Average  weight,  188  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.68. 

Color  of  explosive,  straw. 

Consistency,  fine,  fibrous. 

Chemical  Analtsbb. 

Chemical  analyses  of  these  four  explosives  resulted  as  follows: 

EXPLOSIVB  A. 

Moisture 0. 46 

Potassium  nitrate 65. 31 

Sulphur 2.63 

Charcoal 19. 52 

Paraffin 3.35 

Starch a73 

100.00 
Ash  0.97. 


BE8TTLTS  OF  TESTS  WITH  FOBETGN   EXPLOSIVES. 
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EXPLOSIVE   B. 

Moisture 0. 17 

Ammonium  nitrate 89. 08 

Trinitro-toluene 6.  56 

Mononitro-naphthalene 4. 19 

100.00 

EXPLOSIVE   C. 

Moisture 0. 60 

Nitroglycerin 8. 37 

Ammonium  nitrate 83. 14 

Wood  pulp 4.  65 

Nitrotoluol 3.24 

100.00 
Ash  0.098. 

EXPLOSIVE  D. 

Moisture 4. 05 

Nitroglycerin 24.  92 

Barium  nitrate 4. 42 

Wood  pulp 34.  60 

Potassium  nitrate 25. 37 

Starch 6.64 

100.00 
Ash  0.14. 

Products  of  Combustion  from  200  Grams  of  Each  Explosive  (Wfthout  Paper 

Wrapper). 


Date 
(1909). 

Test 
No. 

Products  of  combustion. 

Explosives. 

Gaseous. 

Solid. 

Liquid 
(water). 

A 

June    1 
Apr.  28 
May     1 
May  12 

P200 
P147 
P153 
P171 

OTams. 

81.4 

111.0 

111.8 

130.3 

Oramt. 

118.3 

.0 

0.0 

49.0 

Orams. 
1.6 

B 

84.2 

c 

86.7 

D 

12.4 

Gaseous  Products  of  Combustion,  Percentage  by  Volume. 


Explosives. 

Date 
(1909). 

Test 

NOL 

Products. 

H^. 

COi. 

CO. 

Oi. 

H,. 

CH4. 

N«. 

A 

Jane    1 
Apr.  28 
May    1 
May  12 

P200 
P147 
P163 
P171 

Percent. 

1.1 

.0 

.0 

.0 

Percent. 
13.9 
26.7 
30.8 
18.9 

Percent. 

41.8 
.0 
.0 

36.3 

PercenL 

.0 

3.2 

1.6 

.0 

Percent. 

23.6 

.0 

.0 

29.1 

Percent. 

2.8 

0 

0 

6.8 

Percent. 
16.8 

B 

70.1 

c 

67.7 

D 

9.9 

Solid  Products  of 

Combustion,  Percentage  by  ' 

Weight. 

Explosives. 

Date 
(1909). 

Test 
No. 

Products  of  combustion. 

Soluble. 

Insoluble. 

A 

June    1 
May   12 

P200 
P171 

87.84 
76.10 

12.16 

D 

23.90 
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EXPL06IVE8  T7SED  IN  COAL  MINES. 


Larob  Galobibs  Developed  bt  1  Kilogram  of  the  Explosive. 
Charge  A  »  200  giams;  B,  G,  and  D  =  100  giams. 


Explosives. 

D&te 

Test 
No. 

Weight 
of  water. 

Bbein 

tempera- 
ture. 

Heat  de- 
veloped 
per  kilo- 
gram. 

Average 
heat  de- 
veloped 
per  kilo- 
gram. 

A 

Sept.  3 
3 
4 

June    8 
3 
3 

Sept.  9 
9 
9 

Sept.  8 

8 
10 

106 
107 
106 

79 
60 
81 

112 
113 
114 

110 
111 
115 

81.90 
81.70 
81.60 

82.73 
82.73 
82.73 

81.60 
82.25 
83.35 

81.70 
81.75 
81.95 

•a 

1.342 
1.315 
1.375 

1.290 
1.294 
1.252 

1.345 
1.328 
1.330 

.826 
.617 
.619 

OalorU*. 
623 
609 
636 

1,206 
1,211 
1,172 

1,244 
1,287 
1,254 

575 
667 
670 

Caloriet, 

B 

622.7 

c 

1,197.0 

D 

1.245.0 

67a7 

Ghazge,  100  grams. 


GOMPRESSION  OF  SmALL  LeAD  BlOCKS. 


Expl08iveB.a 

Dat« 
(1909). 

Test 
No. 

Height 

before 

explosion. 

Height  after 
explosion. 

Compression. 

B 

Apr.  22 
22 
22 

22 
22 
22 

22 
22 
22 

Bill 
B112 
BUS 

BlU 
B115 
BllO 

B117 
B118 
B119 

Miahneten. 
63.7 
63.7 
63.7 

63.5 
63.5 
63.5 

63.0 
63.0 
63.0 

MiOhMUrs. 
55.5 
55.8 
56.0 

46.5 
47.0 
46.5 

63.0 
62.8 
63.0 

8.2 

c 

7.9 

7.7 

17.0 

D 

16.5 
17.0 

10.0 

10.2 

lao 

a  This  test  was  not  ran  on  explosive  A,  as  it  was  a  slow-buming  explosive. 

The  average  compression  is  as  follows: 
Explosive  B,  7.93  millimeteis  (0.31  inch). 
Explosive  G,  16.83  miUimeteiB  (0.66  inch). 
Explosive  D,  10.07  millimeteis  (0.40  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Ghaige,  10  grams. 


Expl08{vefl.a 

Date 
(1909). 

Test 
No. 

Volume  of 

borehole 

before  shot. 

Volume  of 

bore  hole 

after  shot. 

Expansion 

of  bore 

hole. 

B 

Apr.    6 
6 
5 

5 
5 
6 

6 
6 
5 

A  154 
A  156 
A156 

A  167 
A  158 
A  159 

A  160 
A  161 
A  162 

Cubic 

centSmeten. 

62 

62 

62 

62 
62 
62 

62 
62 
62 

Cubk 

cenHffieten. 

280 

287 

287 

340 
372 
378 

214 
228 
212 

Cubk 
centiftut/CTMrn 
218 

c 

226 
226 

278 

D 

310 
316 

162 

166 
160 

•  This  test  was  not  made  with  explosive  A,  as  it  was  slow  boming. 


RESULTS  OF  TESTS  WITH  FOREIGN  EXPLOSIVES. 
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The  avenge  expaiuioDB  foOow: 

Explosive  B,  223  cubic  centimetera  (13.60  cubic  inches). 
Explosive  0,  301  cubic  centimeters  (18.36  cubic  inches). 
Explosive  D,  156  cubic  centimeters  (9.52  cubic  inches). 

Ballistic  Pendulum  Tkbts. 

The  standard  Woolwich  swing  was  taken  as  the  swing  produced  by  2d5  grams  (lOf 

ounces)  of  explosive  A,  tamped  with  2  pounds  of  dry  fire  clay.    The  standard 

(Woolwich)  swing  of  explosive  A  and  the  computed  swings  of  explosives  B,  G,  and 

D  follow: 

Swings  of  Explosives  A,  B,  C,  and  D. 


ExjdodYes. 


B. 


Date 
(1909). 

Charge. 

Swing. 

AverasB 
swing. 

Onmi. 

Ineket, 

Inekea. 

Mar.  29 

295 

1.71 

29 

295 

1.61 

1.68 

29 

296 

1.73 

29 

140 

1.62 

29 

140 

1.62 

1.63 

29 

140 

1.64 

29 

110 

1.38 

29 

110 

1.35 

1.35 

29 

110 

1.33 

30 

200 

1.72 

30 

200 

1.63 

1.69 

30 

200 

1.71 

Woolwich 

dlaruptlve 

charge. 


Orotnt, 


295 


144 


137 


199 


Non.— Swing  figures  for  explosive  A  are  results  of  tests;  swings  of  explosives  B,C,and  D  computed. 
UNrr  DEfXEcnvE  Charob  as  Detbrmiked  bt  the  Balustic  Pendulum. 


Explosives. 


Pittsburgh  testing  station  40  per  cent  standard 
dynamite 

A 

PittsbuiKh  testing  station  40  per  cent  standard 
dynanute 

B 

C 

D 


Date 
(1909). 

Charge. 

Orams. 

Mar.  30 

rn 

30 

227 

30 

227 

30 

400 

30 

400 

30 

400 

31 

227 

31 

227 

31 

227 

31 

205 

31 

205 

31 

205 

31 

195 

31 

195 

31 

195 

31 

295 

31 

295 

31 

295 

Swing. 


2.675 
2.675 
2.765 

3.55 
2.58 
2.61 


2.70 
2.82 
2.75 

2.70 
2.75 
2.84 

2.66 
2.64 
2.73 

2.77 
2.65 
2.78 


Unit 

deflective 

charge. 


Qrvmtn 
227 

420 

227 
205 


202 


298 


aX68  was  used  in  computing  unit  deflective  charge  for  explosive  A. 
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EXPI.06IVSS  USED  IN  COAL  MINES. 


In  all  of  die  tests  in  gas  and  dust  gallery  No.  1  the  following  igniter  and  detonatora 
were  used: 
Explosive  A,  electric  igniter. 
Explosive  B,  electric  detonator  No.7. 
Explosive  0,  electric  detonator  No.  6. 
Explosive  D,  electric  detonator  No.  6. 

The  Belgian  Test  (Modified)  vob  Deterkination  of  the  Lmrr  Charob  in  a  Mix- 
TxniE  OF  Gas  and  Air  Containing  8  Per  Cent  of  Methane  and  Ethane. 

Limit  chaige  is  established  if  five  shots  fail  to  ignite  the  mixture. 


EzpIosivM. 

Date 
(1000). 

Weight  of 
charge. 

Methane 

plus 
ethane. 

RaBolt. 

a 

Har.  29 
29 
29 

29 
20 
29 
20 
29 
20 
20 

29 
20 
20 

29 
20 
20 
20 
20 
20 
29 
20 

Orama, 
60 
25 
25 

200 
60 
125 
100 
75 
60 
26 

200 

100 
26 

25 
100 
60 
75 
60 
60 
60 
60 

Pereent, 
8.20 
8.18 
8.08 

8.08 
8.02 
8.02 
7.87 
7.80 
7.83 
8.01 

8.01 
7.82 
7.77 

7.86 
7.80 
8.01 
8.08 
8.06 
8.13 
8.00 
8.11 

Ignition. 
Do. 
Do. 

Do. 

B 

C 

No  ignition. 
Igniuon. 

Do. 

Do. 

Do. 

Do. 

Do. 

D 

Do. 
Da 

No  ignition. 

Igniuon. 

NoignitiAn. 

Igniuon. 

NoinUtion. 

Do! 
Do. 

The  limit  chaiges  for  this  test  are  established  as  follows: 

Grams. 

Explosive  A 0 

Explosive  B 0 

Explosive  C 0 

Explosive  D 60 


BESULTS  OP  TESTS  WITH  POBEIGN  EXPLOSIVES. 
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Woolwich  Test  (Modified)  . 

Five  shots  with  the  standard  (Woolwich)  chaige,  in  its  original  wrapper,  shall  be 
fired  with  12  inches  of  clay  tamping  (explosive  A  hammered  in;  B,  C,  and  D  tamped 
by  hand)  at  a  gallery  temperature  of  77^  F.  into  a  mixture  of  gas  and  air  containing 
8  per  cent  of  methane  and  ethane.  An  explosive  passes  this  test  if  all  five  shots  fail 
to  ignite  the  mixture. 


Sxploslves. 

Date 
(1909). 

Weight  of 
charge. 

Methane 

plus 
ethaoe. 

Resalt. 

Cfrcmu. 

PtfCtHL 

A 

ICar.  30 

205 

7.92 

No  Ignition. 
Do. 

30 

295 

8.03 

30 

296 

8.12 

Do. 

30 

296 

7.96 

Do. 

30 

295 

8.16 

Do. 

B 

30 
30 

144 
144 

7.96 
7.96 

Do. 

Do. 

30 

144 

7.87 

Do. 

30 

144 

7.87 

Do. 

30 

144 

7.84 

Do. 

C 

30 
30 

137 

137 

7.90 
7.86 

Do. 

Do. 

30 

137 

7.86 

Do. 

30 

137 

7.96 

Do. 

30 

137 

7.81 

Do. 

D 

30 
30 

199 
199 

7.96 
8.15 

Do. 

Do. 

30 

199 

8.15 

Do. 

30 

199 

8.16 

Do.     . 

30 

199 

8.18 

Do. 

The  explosives  A,  B,  0,  and  D  passed  this  test. 

Woolwich  Test  (Modified). 

Five  shots  with  three-quarters  of  the  standard  (Woolwich)  chaige,  in  its  original 
wrapper,  shall  be  fired  with  9  inches  of  clay  tamping  (explosive  A  hammered  in; 
B,  G,  and  D  by  hand)  at  a  gallery  temperature  of  77®  F.,  into  a  mixture  of  gas  and 
air  containing  8  per  cent  of  methane  and  ethane.  An  explosive  passes  this  test  if 
all  five  shots  fail  to  ignite  the  mixture. 


Explosives. 


A.. 


B. 


C. 


Date 
(1909). 


Mar.  30 
30 
30 
30 
30 

30 
30 
30 
30 
30 

30 
30 
31 
31 
31 

31 
81 
31 
31 
31 


Weight  of 
charge. 


Qramt, 
221 
221 
•221 
221 
221 

108 
106 
106 
a  144 
106 

103 
103 
103 
103 
103 

150 
150 
150 
150 
150 


Methane 

plus 
ethane. 


PerctnL 
8.13 
8.13 
8.13 
8.18 
8.11 

7.86 
7.84 
7.86 
7.76 
7.92 

8.71 
8.18 
8.24 
8.24 
8.23 

8.12 
8.25 
8.25 
8.25 
8.12 


Result. 


No  ijmitlon. 

Do! 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 


•  Weight  of  charge 
The  explosives  A,  B,  C,  and  D 


greater  than  unit  dlsraptlve  charge, 
this  test. 
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EXPL06IVES  USED  IN  COAL  MINBS. 


BTTBBAU  OF  XINBS  TBBT8. 

Gas  and  Dust  Gallebt  No.  1. 
Test  I,  except  that  5  ahata  are  made  instead  of  10. 


ExploslTee. 

Date 
(1909). 

Weight  Of 
cbaige. 

Methane 

pins 
ethane. 

Remit. 

A 

Apr.  20 

3 
8 
3 
3 
3 

4 

4 

4 

24 

24 

24 
24 
24 
24 
24 

Oranu. 
420 

206 
206 

206 
205 
206 

202 
202 
202 
202 
202 

296 
298 
296 
298 
296 

Per  emu 
8.06 

8.27 
8.11 
8.34 
8.33 
8.00 

7.78 
8.12 
8.12 
8.12 
7.84 

8.01 
7.89 
7.80 
7.89 
7.78 

B 

N^o  acmcioii. 

C 

Do. 
Do. 
Do. 

Do. 

D 

Ignition. 
No  Umitlon. 

Ignition. 

No  tmitlon. 

DO. 

Do. 
Do. 
Do. 

a  Bore  redooed  to  1^  Inohes  for  this  test  by  using  a  l|-in6h  inside  diameter  pipe  In  bore  hole. 

{Explosives  B  and  D  xMssed  this  test. 
Explosives  A  and  C  &iled  to  pass  this  test. 

Gas  and  Dust  Gallbrt  No.  1. 
Same  as  test  2,  except  that  5  shots  are  made  instead  of  10. 


EzploslTes. 

Date 

(1909). 

Weight  of 
charge. 

Methane 

pins 
ethane. 

Result 

A 

Apr.    4 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

Omnu. 
420 
420 
420 
420 
420 

205 
206 
206 

205 
206 

202 
202 
202 
202 
202 

296 

296 
208 
208 
296 

Percent, 
4.06 
3.96 
4.06 
8.96 
4.06 

4.06 
4.23 
4.23 
4.23 
4.23 

4.06 
8.96 
8.96 
4.06 
4.06 

8.96 
3.96 
4.06 
3.89 
8.89 

No  inJtioo. 

Do! 
Do. 
Do. 

Do. 

B 

C 

Do. 
Do. 
Do. 
Do. 

Do. 

D 

Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

The  explosives  A,  B,  G,  and  D  passed  this  test. 


RESULTS  OF  TESTS  WITH  FOREIGN  EXPLOSIVES. 
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Gas  and  Dust  Qaiabrt  No.  1. 
Same  as  test  3,  except  that  5  shots  are  used  instead  of  10. 


SzplOBlves. 

Date 
(IWO). 

Weight  of 
charge. 

Result. 

A 

Apr.    2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 

2 

Chram*. 
420 
420 
420 
420 
420 

205 
206 
205 
205 
205 

202 
202 
202 
202 
202 

296 
298 
298 
298 
298 

No  imltlon. 
Do. 
Do. 
Do. 
Do. 

Do. 

B 

C 

Do. 
Do. 
Do. 
Do. 

Do. 

D , 

Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

The  explosives  A,  B,  G,  and  D  passed  this  test. 


Gas  and  Dust  Galleby  No.  1. 


Test  4. 


Eigploatves. 

Date 
(1909). 

Weight  of 
charge. 

Methane 

plus 
ethane. 

Result 

Orafiu. 

Per  cent. 

A 

Har.  31 

50 

4.23 

No  Indtion. 

31 

100 

4.11 

31 

200 

4.24 

Ignition. 

31 

200 

(•) 

31 

150 

419 

Do. 

31 

125 

419 

Do. 

31 

100 

404 

No  Umltlon. 
Do. 

31 

100 

406 

31 

100 

421 

Do. 

31 

100 

420 

Do. 

B 

31 
31 

200 
800 

402 
402 

Do. 

Ignition. 

31 

260 

3.98 

Do. 

31 

225 

419 

No  imition. 
Ignluon. 

31 

226 

402 

31 

200 

402 

Do. 

31 

175 

402 

Do. 

31 

176 

404 

Do. 

31 

150 

413 

Noijmitlon. 

81 

150 

413 

31 

150 

406 

Ignition. 

31 

125 

3.96 

Do. 

81 

100 

402 

Do. 

81 

76 

411 

No  ignition. 

31 

76 

402 

Apr.    1 

76 

402 

Do. 

1 

76 

411 

Do. 

1 

76 

411 

Do. 

•NogaBordiBtund,  inordertonoleeifeotofohaifBalone,   Flamein  do  doorway,  but  in  window  No.  1. 
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Gas  and  Dust  Gallbbt  No.  1 — Continued. 


BsploeiTes. 

Date 

(IflOO). 

Weight  of 
duurge. 

Methane 

plQS 

ethane. 

Result 

C 

Apr.    1 

21 
21 
21 
21 

200 
100 
50 
75 
75 
75 
75 
75 

100 
200 
900 
500 

700 
1,000 
1,(MN> 
1,000 
1.000 
1,000 

411 
411 
418 
414 
3.98 
411 
407 
407 

407 
414 
407 
407 
414 
407 

ao6 

407 

ao6 

405 

Ignitkm. 
Do. 
Noie^tion. 

Do. 
Do. 
Do. 
Do. 

Do. 

D 

• 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

For  this  test  the  following  limit  charges  were  established:  Onuns. 

Explosive  A 100 

Explosive  B 76 

Explosive  C 76 

Explosive  D  (the  capacity  of  the  cannon) 1, 000 


Test  5. 


Gas  and  Dust  Gallery  No.  1. 


Exploshres. 

Date 
(1900). 

Weight  of 
charge. 

Methane 

jplus 
etoana. 

Result. 

OmiBU. 

Percent, 

A 

Apr.    1 

200 
300 

2.03 
LOO 

No  iimitlon. 

400 

2.20 

Do. 

flOO 

2.68 

Ignition. 

500 

2.03 

Do. 

460 

2.03 

Do. 

425 

2.03 

Do. 

400 

104 

Do. 

375 

104 

Do. 

360 

2.04 

Do. 

300 

2.03 

Noisnition. 
Ignition. 

325 

2.03 

300 

2.26 

Do. 

250 

2.26 

Noisnition. 

275 

2.46 

276 

2.17 

Do. 

275 

2.26 

Do. 

275 

2.27 

Do. 

275 

2.26 

Do. 

B 

20O 
300 

2.21 
2.20 

Do. 

Do. 

40O 

2.20 

Ignition. 

^ 

350 

2.21 

Do. 

326 

2.10 

No  Ignition. 

325 

2.08 

Ignition. 

300 

2.03 

Do. 

275 

2.04 

Do. 

250 

2.03 

No  Iniition. 

250 

2.03 

250 

2.03 

Do. 

250 

2.05 

Do. 

250 

2.03 

Do. 

BE8ULTS  OF  TESTS  WITH  FOBBIGN  EXPLOSIVES. 
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Gas  and  Dust  Gallbiit  No.  1 — Gontinued. 


EzpkMhret. 

Data 
(1909). 

Weight  of 

Methane 

phis 
ethane. 

Result. 

GroiiM. 

PereetU. 

C 

Apr.     1 

400 

2.03 

Ignition. 
Noimition. 

^      1 

20O 

2.04 

1 

300 

2.03 

2 

3fi0 

1.97 

Do. 

• 

2 

375 

2.11 

lenition. 
No  hmltion. 
Do. 

2 

350 

2.11 

2 

350 

2.03 

2 

350 

2.03 

Tenitlon. 
No  Ignition. 
Ignition. 

2 

326 

2.05 

2 

«     326 

2.03 

2 

•    300 

2.04 

Do. 

2 

275 

2.04 

No  imltion. 
Do. 

2 

275 

2.03 

2 

275 

2.13 

Do. 

2 

275 

2.11 

Do. 

2 

275 

2.08 

Do. 

D 

4 

1,000 

2.08 

Do. 

For  this  test  the  following  limit  chazges  were  established: 

Oiams. 

Explosive  A 275 

Explosive  B 260 

Explosive  C 276 

Explosive  D  (the  capacity  of  the  cannon) 1, 000 

Rate  op  Dbtonation. 

Diameter  of  cartridge  used,  H  inches. 
Electric  detonator  No.  7  used. 


ExplosiYes. 


A 

B 
C. 
D 


Date 
(1909). 


Rate  of 


May    6 

7 

5 

6 

7 
7 


Distance 

between 

spark 

points. 


MOOmeUn. 
ramlng  too 


Peripheral 
speed  of 
of  drum. 


Rate  of 
detonation. 


tlon  sparks. 


14.70 
14.71 

11.26 
11.00 

17.06 
16.18 


MeUnver    MeUnwr 

$teondm         tcoonim 
slow  to  give  Interrop- 


43 
43 

43 
48 

43 
43 


2,025 
2,928 

8,819 
3,877 

2,630 
2,668 


The  average  rates  of  detonations  of  the  explosives  are  as  follows: 
Explosive  B,  2,924  meters  per  second  (9,690  feet  per  second). 
Explosive  G,  3,848  meters  per  second  (12,620  feet  per  second). 
Explosive  D,  2,689  meters  per  second  (8,490  feet  per  second). 
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EXPLOSIVES  USED  IN  GOAL.  MINES. 


Flaxb  TB8T. 

Peripheral  speed  of  film  ^  meter  per  second  for  explosive  A;  20  meters  per  second 
for  explosives  B,  C,  and  D. 


EzplosiTes. 

Date 
(1909). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration 
of  flame. 

A 

May  17 

3 
3 

3 

Apr.  28 
28 
28 

28 
28 
28 

Mini- 
nuten. 
48.00 

23.50 
22.25 
23.25 

21.50 
21.25 
21.50 

15.00 
15.00 
15.75 

60.63 

29.68 
28.11 
29.37 

27.16 
26.84 
27.16 

18.95 
18.95 
19.89 

MUU- 
tneten. 

moo 

12.25 
10.25 
13.00 

8.50 
8.25 
7.50 

6.75 
7.75 
6.75 

MiOi- 
second; 
1,030.400 

.612 

B 

« 

C 

.512 
.650 

.426 

D 

.412 
.375 

.338 

.338 

The  average  heights  and  durations  of  flame  are  as  follows: 
Explosive  A,  height  60.63  inches;  duration  1030.4(X)  milliseconds. 
Explosive  B,  height  29.05  inches;  duration  .591  milliseconds. 
Explosive  0,  height  27.05  inches;  duration  .404  milliseconds. 
Explosive  D,  height  19.26  inches;  duration  .355  milliseconds. 

Impact  Machine. 


Explosives. 

Date 
(1909). 

Distance 
offoU. 

Number 
of  falls. 

Renilt. 

CaUir 

nuter*. 

A 

Sept.   7 

7 

60 

No  explosion. 
Do. 

80 

7 

90 

Do. 

7 

100 

5 

Do. 

B 

8 
8 

42 
60 

Do 

Do. 

8 

60 

Do. 

8 

70 

Do. 

8 

80 

Do. 

8 

90 

Do. 

8 

100 

5 

Do. 

C 

g 

34 

Explosion. 
Do. 

8 

32 

8 

31 

No  explosion. 

8 

31 

Explosion. 

8 

30 

5 

No  explosion. 

D 

24 

50 

Explosion. 
Do. 

24 

45 

24 

40 

Do. 

24 

36 

Do. 

24 

30 

Do. 

24 

25 

Do. 

24 

20 

Do. 

24 

15 

Do. 

24 

10 

No  explosion. 

24 

14 

Explosion. 

24 

13 

5 

No  explosion. 

The  maximum  heights  that  will  cause  no  explosion  are  established  as  follows: 
Explosive  A,  100  centimeters  (39.37  inches),  capacity  of  machine. 
Explosive  B,  100  centimeters  (39.37  inches),  capacity  of  machine. 
Explosive  C,  30  centimeters  (11.81  inches). 
Explosive  D,  13  centimeters  (5.12  inches). 


BE8ULTS  OF  TESTS  WITH  FOBEION  EXPLOSIVES. 
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Explosion  bt  Influence  Test. 


ExpkMlYes.o 

Date    ' 
(1909). 

Weight  of 
cartrJdge. 

DfBtanoe 
separating 
cartridges. 

Result  (upper  car- 
tridge). 

B 

June    2 
2 
3 

Sept   8 

9 

9 

13 

9 
24 

24 

24 
24 
24 

I 
1               / 

OravM. 
155 
155 
155 
155 
155 
155 
155 

153 
153 
153 
153 
153 
153 

90 
90 
90 
90 
90 
90 

Inches. 
2 
1 

'  ■ 

2 
4 
3 
2 
3 
3 

6 
3 
5 
4 
4 
4 

No  explosion. 

C 

Do. 
Do. 
Partial  explosion. 

No  explodon. 
Do. 

Explosion. 

D 

No  explosion. 

Do. 
Explosion. 
No  explosion. 

Do. 

!         Do. 

Explosion. 
No  explosion. 

Do. 

Do. 

Do. 

fl  This  test  was  not  run  with  explosive  A,  as  it  was  impracticable  to  make  it  under  standard-size  cartridges 

The  minimum  distances  at  which  there  was  no  explosion  by  influence  are  established 

as  follows: 

Inches. 

ExpLoBiye  B 0 

Explosive  C 3 

Explosive  D 4 

Theoebtical  Maximum  Pressube  Developed  in  Own  Volume  as  Determined 

BY  BiCHEL  Pressure  Gaob. 

Indicator  spring,  0.4  millimeter  »  1  kilogram  per  square  centimeter. 
Special  conditions  for  explosive  A;  the  initial  pressure  was  1  atmosphere,  and 
^ectric  igniters  were  used. 


Ezptosives. 

Date 
(1«W). 

T«st 
No. 

Charge. 

dpeoiile 
gravity. 

Height 
of  curve. 

Pressure. 

Cooling 
suiliBoe. 

Average 
pressure. 

KUo9mm» 

KOoframt 

Maw 

pertquare 

per  square 

Oram*. 

meter: 

centimeter. 

centimeter. 

A 

May  22 

P180 

300 

1.38 

28.00 

65.00 

A 

22 

P190 

300 

1.38 

25.50 

63.75 

A 

64.17 

22 

F191 

300 

1.38 

25.50 

63.75 

A 

22 

PPIW 

300 

1.38 

24.00 

60.00 

B 

22 

PP200 

300 

1.38 

24.75 

61.88 

B 

61.25 

22 

PP201 

300 

1.38 

24.75 

61.88 

B 

24 

PP202 

300 

1.38 

24.50 

61.25 

C 

24 

PP203 

300 

1.38 

24.80 

62.00 

C 

62.13 

24 

PP204 

300 

1.38 

25.25 

63.13 

C 

B 

17 
17 

P176 
P178 

200 
200 

.88 

.88 

44.25 
43.00 

110.63 
107.50 

A 
A 

107.92 

17 

P179 

200 

.88 

42.25 

106.63 

A 

13 

PP181 

200 

.92 

40.00 

100.00 

B 

13 

PP182 

200 

.88 

40.00 

100.00 

B 

W.  oo 

14 

PP183 

200 

.88 

39.50 

98.75 

B 

14 

PP184 

200 

.88 

38.25 

95.63 

C 

15 

PP185 

200 

.88 

38.00 

95.00 

C 

96.46 

17 

PP186 

200 

.88 

39.50 

96.75 

C 

2406**— Bull.  15—12- 


-13 
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EXPLOSIVES  USED  IN   COAL.  MINES. 


Thbobetical  Maximum  Prbssubb  Developed  in  Own  Volume  as  Determined 

BY  Bichel  Prbssubb  Gaob — Continued. 


Explosives. 


Date 
(1909). 


Test 
No. 

Charge. 

3peciflo 
gravity. 

Height 
of  curve. 

Mim- 

Orams. 

meten. 

P180 

200 

.96 

41.26 

P181 

200 

.96 

41.25 

F182 

200 

.96 

41.25 

PP190 

200 

.96 

38.25 

PP191 

200 

.96 

38.00 

PP192 

200 

.96 

37.00 

PP187 

200 

.96 

36.00 

PP188 

200 

.96 

36.50 

PP189 

200 

.96 

36.25 

P186 

200 

.76 

24.60 

P187 

200 

.76 

24.60 

P188 

200 

.76 

24.50 

PP193 

200 

.76 

23.50 

PP194 

200 

.76 

23.25 

PP196 

200 

.76 

23.25 

PP196 

200 

.76 

22.50 

PP197 

200 

.76 

22.50 

PP198 

200 

.76 

22.50 

Preasare. 

Cooling 
suxfBoe. 

Kilograms 

perwuare 

eenUmeler, 

103.13 

A 

103.13 

A 

103.13 

A 

95.63 

B 

05.00 

B 

92.60 

B 

90.00 

♦c 

91.25 

C 

90.63 

C 

61.25 

A 

61.50 

A 

61.25 

A 

58.75 

B 

58.13 

B 

58.13 

B 

66.25 

C 

56.25 

C 

66.25 

C 

Avefage 
pressure. 

KUograms 
pertquare 
eenUmtUr, 

103.13 
94.36 
90.63 


I 


61.33 
58.33 
56.25 


Computations  for  the  respective  explosives,  established  as  the  result  of  the  above 
tests,  were  as  follows: 

Explosive    A:    P=sl.911A+0.5B-1.411C=65.59    kilos    per    square    centimeter. 

VPS 
Y=15,000  cubic  centimeters.    S=1.36.    W=300  grams.    M=-^  «4,460.12   kilos 

per  square  centimeter  (63,440  pounds  per  square  inch). 

Explosive   B:    P=1.911A+0.5B-1.411C=119.92  kilos    per   square    centimeter. 

VPS 
V= 15,000  cubic  centimeters.    S=0.79.    W=200grams.    M=^^=7,105.26kilo8per 

•quare  centimeter  (101,070  pounds  per  square  inch). 

Explosive  C:  P»1.911A+0.5B~1.411C»116.39     kilos   per    square    centimeter. 

VPS 
V«15,000  cubic  centimeters.    S»0.95.    W=s200  grams.    M=s-^»8,292.79    kilos 

per  square  centimeter  (117,960  pounds  per  square  inch). 

Explosive    D:   Psl.91lA+0.5B-1.4llC»67.00    kilos    per  square    centimeter. 

VPS 
V=15,000  cubic   centimeters.    S=0.68.    W=200  grams.    M=i-^«3,417.00  kilos 

per  square  centimeter  (48,600  pounds  per  square  inch). 


APPENDIX. 

BUREAU  OP  MINES  TESTS  OP  EXPIiOSIVBS. 

CONDITIONS   UNDER   WHICH   EXPLOSIVES  ABE  TESTED. 

The  following  conditions  under  which  the  Bureau  of  Mines  tests  explosives  to 
detennine  whether  they  shall  be  placed  on  its  list  of  permiasible  explosives  were 
approved  January  3,  1911: 

1.  The  manufacturer  is  to  deliver  to  the  Bureau  of  Mines,  Fortieth  and  Butler 
Streets,  Pittsburgh,  Pa.,  three  weeks  prior  to  date  set  for  tests,  100  pounds  of  each 
explosive  that  he  desires  to  have  tested .  He  is  to  be  responsible  for  the  care,  handling, 
and  delivery  of  this  material  to  the  testing  station,  and  he  is  to  have  a  representative 
present  during  the  tests.  In  order  to  avoid  duplication  of  work,  it  is  requested  that 
the  smallest  size  of  cartridge  that  the  manufacturer  intends  to  place  on  the  market  be 
sent  for  these  tests. 

2.  No  one  is  to  be  present  at  or  participate  in  these  tests  except  the  necessary 
Govenunent  officers  at  the  experiment  station,  their  assistants,  and  the  representative 
of  the  manufacturer  of  the  explosives  to  be  tested. 

3.  These  tests  will  be  made  in  the  order  of  the  receipt  of  the  applications  for  them, 
provided  the  necessary  quantity  of  the  explosive  is  delivered  at  the  testing  station  by 
the  date  set,  of  which  date  due  notice  will  be  given  by  the  Bureau  of  Mines. 

4.  A  list  of  the  explosives  which  pass  certain  requirements  satisfactorily  will  be 
furnished  to  the  State  mine  inspectors  in  the  several  States  and  will  be  made  public 
in  such  manner  as  may  be  considered  desirable. 

5.  The  details  of  results  of  tests  are  to  be  considered  confidential  by  the  manufac- 
turer and  are  not  to  be  made  public  prior  to  official  publication  by  the  Bureau  of 
Mines. 

6.  From  time  to  time  field  samples  of  permissible  explosives  will  be  collected,  and 
tests  will  be  made  of  these  explosives  as  they  are  supplied  for  use  in  coal  mines  in  the 
various  States. 

TEST  BEQUIBEMENTS  FOR  EXPLOSIVES. 

The  following  test  requirements  for  permissible  explosives  were  approved  on 
January  3,  1911: 

The  tests  will  be  made  by  the  engineers  of  the  United  States  mining  experiment 
station  at  Pittsburgh,  Pa.,  in  gas  and  dust  gallery  No.  1.  The  charge  of  explo- 
sive to  be  fired  in  tests  1,  2,  and  3  shall  be  equal  in  deflective  power,  as  detennined 
by  the  ballistic  pendulum,  to  one-half  pound  (227  grams)  of  40  per  cent  nitroglycerin 

dynamite  in  its  original  wrapper,  of  the  following  formula: 

Per  oent. 

Nitroglycerin 40 

Nitrate  of  soda  (sodium  nitrate) 44 

Wood  pulp 15 

Carbonate  of  lime  (calcium  carboNtte) 1 

100 

Each  cfaaige  shall  be  fired  with  an  electric  detonator  (exploder  or  cap)  strong  enough 
to  completely  detonate  or  explode  the  chaige,  as  recommended  by  the  manufocturer. 
The  explosive  must  be  in  such  condition  that  the  chemical  and  physical  tests  do  not 
show  any  unfavorable  results. 

In  order  that  the  dust  used  in  tests  2, 3,  and  4  may  be  of  the  same  quality,  it  is  always 
taken  from  the  same  mine,  ground  to  the  same  fineness,  and  used  while  still  fresh. 

The  following  are  the  gallery  tests  to  which  are  subjected  the  explosives  that  the 
Bureau  of  Mines  is  asked  to  place  in  the  list  of  penDiarible  explosives: 
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EXPLOSIVES  USED  IN  COAL  MINES. 


Test  1.  Ten  shots  each  with  the  charge  as  described  above,  in  its  original  wrapper^ 
shall  be  fired,  each  tamped  with  1  pound  <>  of  clay  stemming,  at  a  gallery  temperature 
of  77^  F.,  into  a  mixture  of  gas  and  air  containing  8  per  cent  of  gas  (methane  and 
ethane).  An  explosive  is  considered  to  have  passed  the  test  if  no  one  of  the  10  shots 
ignites  this  mixture. 

Test  8.  Ten  shats  each  with  tlie  chftige  as  deacrifoed  above,  in  ka  origiDBl  wrapper, 
shall  be  fired,  each  tamped  with  1  poimd  ^  of  clay  stemming,  at  a  gallery  temperature 
of  77^  F.,  into  40  pounds  of  bituminous  coal  dust,  20  pounds  of  which  is  to  be  distrib- 
uted uniformly  on  a  wooden  bench  placed  in  front  of  the  cannon  and  20  pounds  placed 
on  side  shelves  in  sections  4,  5,  and  6.  An  explosive  is  considered  to  have  passed  the 
test  if  no  one  of  the  10  shots  ignites  this  mixture. 

Test  4.  Five  shots  each  with  1}  pounds  chaige,  in  its  original  wrapper,  shall  be 
fired  without  stemming,  at  a  gallery  temperature  of  77^  F.,  into  a  mixture  of  gas  and 
air  containing  4  per  cent  of  gas  (methane  and  ethane)  and  20  pounds  of  bituminous 
coal  dust,  18  pounds  of  which  is  to  be  placed  on  shelves  along  the  sides  of  the  first 
20  feet  of  the  gallery  and  2  pounds  to  be  so  placed  that  it  will  be  stirred  up  by  an  air 
current  in  such  manner  that  all  or  part  of  it  will  be  suspended  in  the  first  division  of 
the  gallery.  An  explosive  is  considered  to  have  passed  the  test  if  no  one  of  the  five 
shots  ignites  this  mixture. 

DEnNTTION   or  PERMISSIBLE   EXPLOSIVE. 

An  explosive  is  called  a  permissible  explosive  when  it  is  similar  in  all  respects  to 
the  sample  that  passed  certain  tests  by  the  national  Bureau  of  Mines,  and  when  it  is 
used  in  acc<»xiance  with  the  conditiaas  prescribed  by  that  bureau. 

Subject  to  the  conditions  and  provisi<His  stated  above,  the  following  explosives  are 
classed  as  permisBible  explosives: 

Permissible  explosives  tested  prior  to  January  1, 1911. 
(Tbose  reported  In  previoitt  lists  are  marked  with  an  asterisk  (*).] 


Brand. 


*A«taaoaalpowd8r  A 

♦Aetna  coal  dowder  AA 

♦Aetna  coal  powder  B 

^Aetna  coal  powder  C , 

♦Aetna  coal  powder  D 

Bental  coal  powder  No.  2. . . , 
♦BItumlnite  No.  1 

Bltomlnite  No.  3 

BltomJnite  No.  4 

Bltoniliiite  No.  6 

BitunOnite  No.  7 

♦Black  Diamond  No.  3 

*Blaek  Diamond  No.  4 

•Carbonlte  No.  1 

♦Carbonite  No.  2 

•Carbonlte  No.  3 

«Carbonlte  No.  4 

♦Carbonlte  No.  1-L.  F 

•Carbonlte  No.  2-L.  F 

•Coalite  No.l 

•CoaUte  No.  2-D 

Coalite  No.  2-D.  L 

Coalite  No.  3-X 

•Coal  special  No.  1 

•Coalq)edalNo.  2 

•Coal  special  No.  3-C 

Coal  special  No.  2-W 

Coal  special  No.  9- W 

Coal  special  No.  4 

Goal  special  No.  fr-L.F 

•CoUierpowder  No.  2 

•Collier  powder  No.  4 

•Collier  powder  No.  6 

Collier  powder  No.  6  special . 

Collier  powder  No.  S-L,  F . . 

Colliflr  powder  No.  X 

Collier  powder  No.  2-L.  F. . 

OoHier  powder  No.  3 

Collier  powder  No.  6-L.  F . . 

Collier  powder  No.  ^L.  F . . 


Manufiicturer. 


Aetna  Powder  Co.,  Chkaso,  111. 

Do. 

Do. 

Do. 

Do. 
Independent  Powder  Co.  of  Missouri,  Joplin,  Mo. 
Jeflttson  Powder  Co.,  Birmingham,  Ala. 

Do. 

Do. 

Do. 

Do. 
Illinois  Powder  Manutecturlng  Co.,  St.  Louis,  Mo. 

Do. 
E.  I.  du  Pont  de  Nemours  Powder  Co.,  Wilmington,  Del. 

Do. 

Do. 

Do. 

Do. 

Do. 
Potts  Powder  Co.,  New  York  City. 

Do. 

Do. 

Do. 
Keystone  National  Powder  Co.,  Emporium,  Pa. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


a  Two  pounds  of  clay  stemming  are  used  with  slow-burnlng  ezploslTes. 
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Permissible  explosives  tested  prior  to  January  1, 1911 — Continued. 


Brand. 


^Detonlte  special 

*Evnk%  No.  9-L.  F 

^Glant  A  low-flame  dynamite. 
*Oiant  B  low-flame  dynamite. 
*Oiant  C  low-flame  dynamite. . 

«Hecla  No.  2 

•KaniteA 

*Masurlte  M.  L.  F 

*MetoorAXXO 

«Mine-iteA 

*MiiM4taB 

*MonobelNo.  1 

*lf  onobol  No.  2. 

«Monobel  No.  3 

Niiro  low-flame  No.  1 

Nitro  low-flame  No.  2 

♦Titanite  No.  3-P 

Titanita  No.  7-P 

Titanite  No.  8-P 

^Trolan  coal  powder  A 

Tiolan  coal  powder  B 

Troian  coal  powder  C 

Tioiao  coal  powder  D 

Troiaa  coal  powder  E 

Tiojao  coal  powder  F 

*TimneUte  No.  6 

*Tumielite  No.  6 

^Tunnelite  No.  7 

*Tiuinellte  No.  8 

^TunneUte  No.  6~L.  F 

♦Tuanelite  No.  8-L.  F 


Manufacturer. 


The  Detonite  Co.,  Cincinnati,  Ohio. 

O.  R.  McAbea  Powdar  it  Ott  Co.,  PUt»ban^,  Pa. 

Oiant  Powder  Co.  (Consolidated),  Oiant,  Cal. 

1)0. 

Do. 
E.  I.  du  Pont  de  Nemours  Powder  Co.,  Wilmington,  Del. 
W.  H.  BlonMnstein  Chemical  Works,  PottsviUa,  Pa. 
ICasurite  Explosives  Co.,  Sharon,  Pa. 
E.  I.  da  Pont  Nenumis  Powder  Co.,  WUmin(t«n,  DeL 
Burton  Powder  Co.,  Pittsburgh,  Pa. 

Do. 
E.  I.  du  Pont  de  Nemours  Powder  Co.,  Wilmington,  Del. 

Do. 

Do. 
Nitro  Powder  Co.,  Kingston,  N.  Y. 

Do. 
Waclark  Titanite  Explosive  Co.,  Corry,  Pa. 

Do. 

Do. 
Pennsylvania  Trojan  Powder  Co.,  Allentown,  Pa. 

Do. 

Do. 

Do. 

Do. 

Do. 
G.  R.  MoAbee  Powder  &  Oil  Co.,  Pittsburgh,  Pa. 

Do. 

Do. 
•    Do. 

Do. 

Do. 


The  teets  prescribed  in  Miners'  Circular  2  as  those  a  permissible  explosive  must 
have  passed  are  those  eiven  above.  But  even  the  explosives  that  have  passed  those 
tests  and  are  publishea  as  permissible  explosives  are  to  be  considered  as  permissible 
explosives  only  when  used  under  the  following  conditions: 

.    1.  That  the  explosive  is  in  all  respects  similar  to  the  sample  submitted  by  the 
manuJEacturer  for  test. 

2.  That  No.  6  detonators — ^preferably  No.  6  electric  detonators  (double  strength) — 
are  used  of  not  less  strength  than  one  gram  charge,  consisting  by  weight  of  90  parts 
of  mercury  fulminate  and  10  i>arts  of  potassium  chlorate  (or  their  equivalents), 
except  for  the  explosives  '^Bejital  coal  powder  No.  2/'  "  Detonite  special,"  ''Hecla 
No.  2,"  "Kanite  A/'  "Masurite  M.  L.  F.,"  "Titanite  No.  7-P,''  and  "Titanite  No. 
S-P,"  for  which  the  detonator  shall  be  of  not  less  strength  than  the  No.  7(1}  grams 
chajve  of  the  same  mixture). 

3.  That  the  explosive,  if  frozen,  shall  be  thoroughly  thawed  in  a  safe  and  suitable 
manner  before  use. 

4.  That  the  quantity  used  for  a  shot  does  not  exceed  1}  pounds  (680  grams),  prop- 
erlv  tamped. 

It  must  not  be  supposed  that  an  explosive  that  has  once  passed  the  above-men- 
tioned tests  and  has  been  published  in  lists  of  permissible  explosives  is  thereafter  to 
be  considered  a  permissible  explosive,  regardless  of  its  condition  or  the  way  in  which 
it  is  used.  Thus,  for  example,  an  explosive  named  in  the  permissible  list,  if  kept  in 
a  moist  place  until  it  undei^oes  a  diange  in  character,  is  no  longer  to  be  considered  a 
permissible  explosive.  If  used  in  a  frozen  or  half -frozen  condition,  it  is  not  when 
so  used  a  permissible  explosive.    If  used  in  excess  of  the  quantity  specified  (1} 

Sounds),  it  18  not  when  so  used  a  permissible  explosive.    And  when  the  other  con- 
itions  have  been  met,  it  is  not  a  permissible  explosive  if  fired  with  a  detonator  of 
less  than  the  prescribed  strength. 

Moreover,  even  when  all  the  prescribed  conditions  have  been  met  no  permissible 
explosive  snould  necessarilv  he  considered  as  permanently  being  a  permissible 
explosive,  but  any  permissible  explosive  when  used  under  the  prescribea  conditions 
mav  properly  contmue  to  be  considered  a  permissible  explosive  until  notice  of  its 
witnarawal  or  removal  from  the  list  has  been  officially  published,  or  until  its  name 
is  omitted  from  a  later  list  published  by  the  Bureau  of  Mines. 

Furthermore,  the  manufacturers  of  a  permissible  explosive  may  withdraw  it  at 
any  time  when  introducing  a  new  explosive  of  superior  qualities.  And  after  further 
experiments  and  conferences,  the  bureau  of  Mines  may  find  it  advisable  to  adopt 
additional  and  more  severe  tests  to  which  all  pennissiSle  explosives  may  be  sub- 
jected, in  the  hope  that  the  lives  of  miners  may  be  safeguarded  better  through  the 
use  of  only  thoee  explosives  that  may  pass  the  more  severe  tests. 


PUBLICATIONS  REIiATING  TO  MINE  ACCIDENTS  AND 

TESTS  OF  EXPLOSIVES. 

The  following  publications,  except  those  having  a  price  affixed, 
can  be  obtained  free  by  applying  to  the  Director  of  the  Bureau  of 
Mmes,  Washmgton,  D.  C.  The  priced  publications  can  be  purchased 
from  the  Superintendent  of  Documents,  Government  Printing  Office, 
Washington,  D.  C. 

PUBLICATIONS   OF  THE   BUBEAU  OF   MINES. 

liiKERs'  Circular  2.  Permissible  explosives  tested  prior  to  Janiiary  1,  1911,  and 
precautions  to  be  observed  in  their  use,  by  Clarence  Hall.    1911.    12  pp. 

Miners'  Circulab  3.  Coal-dust  explosions,  by  G.  S.  Rice.    1911.    22  pp. 

Miners'  CiBcmiAB  4.  The  use  and  care  of  mine-rescue  breathing  apparatus,  by 
J.  W.  Paul.    1911.    24  pp. 

Miners'  Circular  5.  Electrical  accidents  in  mines,  their  causes  and  prevention, 
by  H.  H.  Clark,  W  D.  Roberts,  L.  C.  Ilsley,  and  H.  F.  Randolph.  1911.  10  pp. 
3  pi. 

PUBLICATIONS  PBEPABED  BY  THE   TECHNOLOGIC   BBANCH  OF  THE 

UNITED  STATES   GEOLOGICAL  SUBVET. 

Bulletin  333.  Coal-mine  accidents:  their  causes  and  prevention;  a  preliminary 
statistical  report,  by  Clarence  Hall  and  W.  O.  Snelling,  with  an  introduction  by  J.  A. 
Holmes.    1907.    21  pp. 

Bulletin  369.  Prevention  of  mine  explosions,  report  and  recommendations,  by 
Victor  Watteyne,  Carl  Meissner,  and  Arthur  Desborough.    1908.    11  pp.    5c. 

Bulletin  383.  Notes  on  explosive  mine  gases  and  dusts,  with  special  reference  to 
explosions  in  the  Monongah,  Darr,  and  Naomi  coal  mines,  by  R.  T.  Chamberlain. 
1909.    67  pp. 

Bulletin  423.  A  primer  on  explosives  for  coal  miners,  by  C.  £.  Munroe  and  Clarence 
Hall.    1909.    61  pp. 

Bulletin  425.  The  explosibility  of  coal  dust,  by  G.  S.  Rice,  ^ith  chapters  by 
J.  C.  W.  Fraser,  Axel  Larsen,  Frank  Haas,  and  Carl  Scholz.    1910.    180  pp.    14  pis. 
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A.  Page. 

Aoetykne.aqftkMlonUmitBof 71 

iBtDft  00*1  powder  A,  tests  of 118-121 

.fitoa  coal  powder  B,  tests  of 121-124 

Ammgnliim  nitrate,  use  of.  in  explosives ....      12, 

15,31,58 
AmmooiusHnitiate     exploslye,    TnaximnTn 

temperature  of 34-36 

composition  of 32 

determination  of  temperature  of  explo- 
sion of 40,51 

heat  c^Mcity  of  deoompoeition  products 

fhmi 36 

temperature  of  explosion  of 32 

Apparent  apeciflc  gravitv,  determination  of. .       78 
Alomio  welgfats,  table  of 60 

B. 

BaIli8tlopflndnlnm,diB8ortptionof 79,80 

method  of  testing  expIosiTee  with 80-82 

view  of .TT...:. 80 

Belgian  test  for  limit  charge,  results  of 182 

Bensene,  heat  of  formaUan  of. 60 

Bertbelot, ,  work  of 18,31,50,60 

BIchel  pressure  gage,  descriptioa  of 109-106 

diagram  showing  eflecs  of  cooling  sur- 

iMjesin 107 

indicator  card  flrom,  figure  showing 106 

method  of  testing  expMslves  in 106-109 

results  of  tests  in 1 2D, 

123, 126, 129, 132,135, 138, 141. 144, 147. 150. 
153, 156,  ISO,  162, 165, 168, 172, 175, 180-190 

view  of.... .......!...!.. 98 

BlMting  powder,  black,  heat  of  formation  of 

deoompodtlan  products  of 41 

ignition  of  gas  mix^uesbv 18 

products  or  combustion  of 30-40 

separator  for,  deacrtption  ol 116 

vlewol 116 

daesof ^ 117 

sishigof 116 

tests  of,  results  of 174-176 

Broockman,  ,  on  formation  of  carbon 

monoxide  from  methane 76 

Bureau  of  Mines,  investigations  of 4 

tests  of  explosives  by 6, 191 

Burning,  rate  of,  determination  of 117 

tests  of,  results  of 174 

Batane,  as  oonratnent  of  natural  gas 66 

solubility  In  alcohol  of 67 

C. 

Oabot,  C.  L.,  on  Ignltioii  temperature  oi  na^ 

uralgas 74 

fM^iim  carbonate.  cak;ulation  of  specific 

heatof 87 

nse  of .  in  explosives 12 

Calcium  silicate,  spedflo  heat  of 37 

Calorie,  definition  of. 16 

8e€  Mean  calorie,  kHogram  catorie,  small 
calorie. 
Oriorille  value  of  explosives,  determination 

of 117 

results  of  tests  of 120, 

123, 126, 120, 132, 135, 138, 141, 144, 147. 
150, 153, 156,  IfiO,  162, 165, 168, 172, 176 

Calorimeter,  description  of 100-111 

use  of 4»-51 

view  of 110 


Page. 

Cannon  for  testing  exploslveB,  description  of.       84 

figure  showing 85 

Carbon,  atomic  heat  of 37 

effect  of  excess  of,  on  flame  temperature 

of  explosive 51, 52 

oxidation  of,  in  explosion  react  ions 20 

properties  of. 18 

use  m  expkMives 19 

Carbon  dioxide,  determination  of 64 

effect  of,  on  explosion  limits  of  gas  mix- 
tures        72 

heat  produced  in  formation  of 21,25 

in  explosion  reactions 26 

molecular  heat  of 21 

weight  of 60 

Carbon  monoxide,  detcrmfaiation  of 65 

effect  of  formation  of  on  flame  temperature 

ofexpkxiive 26 

exptosion  limits  of 71 

heat  produced  in  formation  of 22,23,25 

i^tion  temperature  of 73 

molecular  heat  of 23 

Carbonite  No.  1,  rate  of  detonation  of 95 

testsof 124-127 

Carbonite  No.  2,  tesU  of 127-130 

Carbonite  No.  3,  tests  of 130-133 

Carbonite  No.  1,  L.  F.,  tests  of 133-136 

Carbonite  No.  2,  L.  F.,  testa  of 136-139 

Chamberlin,  R.  T.,  on  formation  of  carbon 

monoxide 76 

Charcoal,  nature  of 26 

use  in  gunpowder  of 29 

Chemical  equations,  relations  expressed  by . .       17 

Chemical  reactions,  heat  changes  in 16. 18 

Coal  gas,  composition  of 72 

explosion  limits  of 71-72 

Coal  Special  No.  1,  tests  of 13^142 

Coal  Special  No.  2,  tests  of. 142-145 

Coalite  No.  1,  tests  of 145-148 

Coalite  No.  2D.  tests  of 148-151 

CoUier  Powder  No.  2,  tests  of 151-154 

Collier  Powder  No.  4,  tests  of 154-157 

Collier  Powder  No.  6,  tests  of 157-168 

Couriot, ,  on  sensitiveness  of  methane 

and  air  mixtures 76 

Combustion,  nature  of. 7 

Ck>wes, ^,  on  explosion  limits  of  gases 72 


D. 


Darr  mine.  Pa.,  eoroloaion  at 4 

Deflective  force  oi  expkwives,  measurement 
of.   Bee  Ballistic  pendulum. 

Detonatfaig  explosive,  definition  of. 10 

nature  of 113 

sixe  of  cartridges  for 12 

Detonation,  rate  of,  definition  of 92 

determinatfc>n  of 04-06 

apparatus  for,  description  of 03-01 

view  of  .......       04 

tests  of,  results  ofV.V.V.".'.*.*.*.*  *.'.'  1*19.  iJB,  125^ 
128, 131. 134, 137, 140, 143, 146, 141^ 
152, 155. 158. 161, 164,  lO/,  171, 187 

Detonators,  use  of.  in  testi  of  expkKives 01 

Dickson. ,  and  Howard, ,  work  of . . .       73 

Disruptive  power  of  explosives,  determina- 
tion of. 114 

Dynamite,  composition  of 12 

danger  from  handling 13 

definitiooof U 
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Page. 

Dynamite,  explosive  action  of 11, 12 

Pittsburgn  testing  station,  composition 

of 6,79 

test  of 178 

E. 

BItner, ,  on  explosion  limits  of  gases. .  72 

Elements,  atomic  heat  of 37 

Emich,  F..  on  methane  and  air  mixtures 77 

Epsom  salts,  see  ICagnesium  sulphate. 

Ethane,  heating  value  of. 68 

ignition  temperature  of 73-74 

solubility  of,  in  alcohol 67 

Ethylene,  explosion  limits  of 71 

Explosion,  nature  of 27 

heat  ol|  detarmlDatidn  of 20 

Explosionbv  influence  test,  descripiiiim  of. . .  100 

results  of 11», 

122, 125, 12S,  13U 134. 137. 140. 141;,  146, 
149, 152, 155. 15B.161, 164, 167, 171, 189 

Explosion  limits  of  eases,  deflniUon  of 70 

Explosives,  calculations  regarding,  flrracs  in . .  33 

chemical  nature  of 7 

consistency  of,  classifloatkm  of 78 

cobfisiveness  of,  degree  of 79 

determination  of 78 

detonating,  definition  of 10 

flame  temperature  of,  oalculation  of 28 

effect  of  sodium  chloride  on 57 

effect  of  water  on 53 

methods  of  lowering 24 

Oovemment  tests  of 6 

hardness  of .  classification  of 79 

heat  in  explosion  of,  measurement  of 27 

maximum  temperatoresof,  calculation  of.  38-48 

misfire  of,  cause  of 100 

physical  examination  of 78 

pressure  produced  by ,  determinat  ion  of . .  UB 
products  of  explosion  of,  collection  of. .  108-109 

rate  of  burning  of,  determination  of. 117 

regulation  of  use  of 6, 14 

relative  safety  of 13 

sensibilitv  to  detonation  of 100 

testini;  of,  methods  of 3 

water  m,  percentage  of 53 

5fe  "  High  "  explosives, "  low  "  explosives, 
permissibleexplosives,  permitted 
ezplostves. 

F. 

Fire  clay,  use  of,  in  explosives 55 

for  stemming 90 

Flame  temperature  of  explosives,  calculation 

of 26 

effect  of  carbon  monoxide  formation 

on 26 

effect  of  sodium  chloride  on 57 

effect  of  water  on 53 

effect  of  excess  of  carbon  on 52 

effect  of  maenesium  sulphate 56 

methods  of  lowering 24,58-59 

Flame  test,  results  of 119. 122, 

125. 128. 131 . 134. 137. 140. 143. 146. 149, 
152. 155. 158, 161, 164, 167, 171, 175, 188 

apparatus,  description  of 95-100 

use  of 99 

view  of 96 

Fluorine,  atomic  heat  of 37 

G. 

Galleries,  European,  for  testing  explosives ...         6 
Gas  and  dust  gallery  No.  1 ,  description  of. . . .       82 

details  of ,  figure  showing 83 

results  of  tests  in 1 18, 121 , 

124,127.130.133,136.139.142,145.148, 
151, 154, 157|  160, 163, 166, 170, 184, 187 

view  of 82 

Gas^dr  mixtures,  exploslbllity  of 68 

Gases ,  analvsls  of,  errors  in 64 

See  Natural  gas. 

Oases ,  effect  of  pressure  on  temperature  of . . .       22 

from  explosion,  volume  of 7 

molaoular  heats  of 61 


Gases,  weights  of,  at  standard  temperature 

andpresflure 60 

Gas  mixtures,  inflammable,  ignition  of 14 

Geological  Survey,  U.  S^  wore  of 3 

Gun  cotton,  explosicn  of. ./. . .  10 

nature  of 10 

Gunpowder,  composltioo  of 7,8 

combustion  of 7 

explosive  action  of 10, 12 

ignition  of  gas  mixtures  by 13 

H. 

Heat  in  chemical  reactions,  liberation  of 19 

of  explosion,  determination  of 111-113 

of  formation,  conditions  governing 19 

definition  of 19 

of  various  snbitMieci 62 

of  hydration  of  salts n 

ip«(afic.   See  SpeciAe  heat. 

Heat  craadty,  definition  of 20 

Hempef, -.gas-analysis  method  of 63 

Heiae,  — ,  and  Herbst,  — .  on  formatioB  of  car- 
ban  monoxida  item  metlBHie 76 

Hexane.  in  natural  gas 66 

nature  of 66 

HIgli  explosives,  definition  of 10 

Hydrogen,  atomic  heat  of 37 

determination  of 65 

explosion ,  limits  of 71 

ignition  temperature  of 7% 

Hydrogen  sulphide,  detenninatifla  of 66 

I. 

Impact  machine,  deaoriptkm  ol 101 

view  of 102 

Impact  test,  method  of  conducting 10^103 

resultsof. 119. 

122. 125, 12B,  131 .  134, 137, 140. 143, 140, 
149, 152, 155, 158, 161, 164, 167.171. 188 

Inoompatibles.  definition  of 58 

In(tisonaleartn,prop6rtieaof 11 

use  of  in  explosives 11 

K. 

Kilogram  calorie,  definition  of 17 

Kopp ,  on  specific  heat  of  solids 36 

L. 

Large  calorie.    See  Kilogram  calorie. 
Lead  block  test.   See  Small  lead  bloeks, 
Trauzl  lead  blocks. 

Limit  charge,  Belgian  test  for 182 

determlnatioii  of 88-89 

Low  explosives,  definition  of 10 

U. 

Magnesium  sulphate,  nature  of 55 

use  of,  in  explosives 55 

Ifasuritek.L.F.,  tests  of. 160-163 

Mean  calorie,  definition  of ; 16 

Meteor  AXXO,  tests  of. 163-166 

Methane,  combustion  of 59 

products  of 75,76 

explosion  limits  of 70-71 

heat  of  formation  of 59 

heating  value  of 68 

ignition  temperature  of 73, 74 

solubilit j[  of.  in  alcohol 67 

Methane  equivalent,  definition  of 68 

Mettegang  recorder,  description  of 93 

view  of 93 

Mining,  dangers  from  explosives  in 3 

Molecular  heat,  definition  of 20 

of  gases 61 

MonobQlNo.l,test8  0f Vt&'im 

Monongah  mine,  W.  Va. ,  explosion  at 4 

Naomi  mine,  Pa.,  explosion  at 4 

Natural  gas,  air  required  for  complete  com- 
bustion of 74 


i 
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Page. 

Natural  gUL  analysis  of,  mothoda  of 63-68 

wmposftion  of 66 

exputston  limits  of 70 

as  modified  by  carbon  dioxide 73 

heat  value  of 68 

most  explosive  mixture  of,  with  air 77 

resemblanoeof,  tominegas 77 

unifonn  composition  of 77 

Nitntes.  heat  of  formation  of 59 

NitTOoeUulose.  AMOunootton. 

Nitroglycerin,  effect  of  flame  temperature  on.       62 

explosion  of 8 

explosion  reactions  of 29, 52 

heat  involved  in  explosion  of 30 

maximum  temperature  of  explosion  of...  3(M1 

nature  of 8 

use  of,  in  explosives 11, 15 

O. 

Oxysen,  atomic  heat  of 37 

determination  of 64 

Olefin  hydrocarbons,  determination  of 64 

P. 

ParalBn  hydrocarbons>  determination  of. 65 

nature  of 66 

solubility  of.  in  alcohol 67 

Pcntane,  explosion  limits  of 70-71 

Permissible  explosives,  oemi>osiUon  of. 46 

fiame  temperatures  of 28 

listof 192 
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THE  USES  OF  PEAT  FOR  FUEL  AlO)  OTHER 

PURPOSES. 


By  Charles  A.  Davis. 


INTRODUCTION, 
SOOPB  AND  FUBPOSB  OF  BBPOBT. 

The  Bureau  of  Mines  is  making  a  comprehensive  investigation  of 
the  composition,  heat  value,  and  utility  of  the  mineral  fuels  in  the 
United  States.  In  the  course  of  its  research  the  bureau  is  giving 
particular  attention  to  methods  of  mining  and  utilizing  fuels  to 
the  end  that  waste  may  be  avoided  and  deposits  of  low-grade  fuels 
now  lying  unmined  may  be  made  important  assets  of  the  Nation's 
mineral  wealth.  The  investigation  as  a  whole  is  a  continuation  of 
the  testing  and  analyzing  of  fuels,  as  carried  on  by  the  United  States 
Geological  Survey,  from  the  inception  of  the  work  in  1904  to  the 
transfer  thereof  to  the  Bureau  of  Mines  on  July  1,  1910.  In  conse- 
quence of  the  transfer  of  authority  tliis  bulletin  is  published  by  the 
Bureau  of  l^fines,  though  it  was  prepared  under  the  direction  of  the 
Geological  Survey. 

The  bulletin  sets  forth  the  results  of  an  investigation  that  was 
undertaken  to  determine  whether  peat,  a  fuel  widely  used  in  some 
countries,  could  be  made  serviceable  in  the  United  States,  where, 
though  labor  and  economic  conditions  differ  from  those  in  the  peat- 
using  countries,  there  are  opportunities  for  the  introduction  of  a  fuel 
selling  at  prices  that  should  make  the  mining  and  shipment  of  peat 
to  near-by  markets  profitable.  In  connection  with  the  investigation 
of  the  possibilities  of  utilizing  peat  as  fuel,  attention  was  incidentally 
given  the  possible  development  of  other  uses  with  the  view  of  increas- 
ing the  value  of  a  material  that  hitherto  has  not  been  generally  con- 
sidered an  important  natural  resource  of  the  United  States. 

DBFINITIOK  OF  PBAT. 

The  difficulties  which  have  always  been  encountered  in  utilizing 
peat  for  fuel  are  due  to  the  fact  that  in  its  natur&l  state  the  material 
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contains  only  about  10  per  cent  of  combustible  matter,  the  remaining 
90  per  cent,  more  or  less,  being  water;  this  water  is  inherent  because 
of  the  nature  of  the  processes  by  which  the  peat  is  formed.  The 
foregoing  statement  leads  logically  to  the  following  definition: 

Peat  19  partly  decomposed  and  disintegrated  vegetable  matter  that 
has  accumulated  in  any  place  where  the  ordinary  decay  or  chemical 
decomposition  of  such  material  has  been  more  or  less  suspended, 
although  the  form  and  a  considerable  part  of  the  structure  of  the 
plant  organs  are  more  or  less  destroyed. 

Water  makes  an  excellent  medium  for  preserving  the  remains  of 
dead  plants,  and  hence  also  for  aiding  peat  formation,  since  it  excludes 
air  and  most  of  the  organisms  that  are  the  chief  agents  that  cause  wood 
and  other  plant  structures  to  rot  and  finally  disappear.  The  water 
may  contain  certain  poisonous  oiganic  chemical  compounds  that 
originated  in  the  growing  plants,  as  the  result  of  their  activities,  or 
were  formed  as  decomposition  products.  These  compounds  may 
act  with  water  to  prevent  the  growth  of  the  organisms  which  cause 
decomposition,  but  that  excess  of  water  is  the  paramount  factor 
in  the  preservation  of  the  vegetable  matter  seems  capable  of 
demonstration. 

The  above  statement  is  so  generally  true  that  peat  deposits  within 
the  limits  of  the  United  States  are  practically  always  formed  in 
situations  where  water  for  the  greater  part  of  the  year  either  satu- 
rates or  wholly  covers  the  plant  debris  from  which  peat  originates* 
In  those  places  where  vegetable  material  is  saturated  with  water  for 
only  a  part  of  the  time  and  is  subjected  to  periodical  and  prolonged 
drying  out,  true  peat  is  not  formed,  but  a  more  nearly  complete 
decomposition  takes  place  that  results  finally  in  the  formation  of 
humus;  or,  if  the  drying  is  continued  long  enough  and  other  condi- 
tions are  favorable,  decomposition  may  go  on  until  nothing  is  left 
of  the  plant  material  but  the  ash  or  mineral  part. 

aSNERAIi  PBOPBBTIB8  OF  PEAT. 

According  to  its  origin  and  the  conditions  under  which  it  accumu- 
lates, peat  may  vary  in  color  from  brown  to  black.  In  texture  it  may 
vary  from  light,  spongy  matter  that  is  porous,  coarse,  fibrous,  or  even 
woody,  and  easily  falls  to  pieces  when  dry,  to  forms  that  are  nearly 
or  quite  devoid  of  structure  and  when  wet  are  as  plastic  as  clay  and 
when  dry  form  dense,  hard  masses  resembling  lignite.  In  all  cases, 
as  noted  above,  peat  is  nearly  or  quite  saturated  with  water,  con- 
taining, under  usual  natural  conditions,  from  80  to  95  per  cent. 

When  dry,  peat  is  generally  lighter  in  color  than  when  freshly  dug 
and  will  usually  float  if  placed  in  water,  although  this  is  not  always 
true  of  the  dark-colored,  plastic  kinds  that  are  high  in  ash  and  when 
thoroughly  dry  are  as  compact  and  nearly  as  hard  as  coal.    Except 
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for  such  tjrpes,  raw  or  untreated  peat  is  easily  crumbled  to  powder 
when  handled,  and  makes  bulky  and  unsubstantial  fuel  that  does  not 
bear  transportation  well.  The  name  ''muck"  is  commonly  apphed 
to  black,  impure  peats  of  the  more  completely  decomposed  types. 

BBIEF  HISTOBY  OF  THE  USB  OF  PEAT  AS  A  FUEL. 

PRESENT   INTEREST. 

Within  the  past  few  years  a  marked  depletion  of  the  visible  suppUes 
of  coal,  the  approaching  exhaustion  of  the  supply  of  wood  available 
for  fuel,  and  a  constantly  growing  demand  for  fuel  for  industrial  and 
domestic  uses  have  led  to  a  general  advance  in  the  prices  of  both  coal 
and  wood. 

This  condition  has  caused  economic  geologists,  economists,  and 
others  to  seek  out  and  appraise  new  sources  of  fuel  supply,  and  to 
contrive  means  of  conserving  and  more  perfectly  utilizing  the  present 
supplies.  The  tendency  toward  more  efficient  utilization  is  shown 
in  the  development  of  interest  in  briquetting  as  a  means  of  saving 
coal-mine  waste  and  converting  it  into  useful  fuel,  in  the  increasing 
use  of  internal-combustion  engines  as  sources  of  power,  and  in  the 
steady  improvement  of  boiler  furnaces  and  combustion  chambers 
for  burning  solid  fuels  most  economically.  The  same  tendency  is 
shown  in  the  increasing  use  of  compound  steam  engines  and  of  devices 
for  assuring  complete  combustion.  Another  manifestation  of  this 
tendency  is  the  growing  desire  to  investigate  and  utiUze  hitherto 
unconsidered  kinds  of  fuel  and  to  make  use  of  sources  of  power  other 
than  fuel. 

PRIMITIVE   USE. 

The  earliest  use  of  peat  was  for  fuel,  and  dates  back  to  the  dawn 
of  history.  Latin  authors  of  the  time  of  the  conquest  of  northern  and 
western  Europe  by  the  Romans  commented  on  the  miserable  condi- 
tion of  some  of  the  people  of  those  regions,  who  dug  the  soil  from 
their  marsh  lands  with  their  hands,  and,  after  drying  it,  burned  it 
to  warm  themselves  and  cook  their  food.  In  Ireland,  of  necessity, 
peat  has  been  the  only  domestic  fuel  of  the  mass  of  the  people  from 
the  traditional  time  when  the  forests  of  that  country  were  finally 
cleared  away. 

Scarcely  less  ancient  is  the  use  of  peat  for  fuel  in  other  parts  of 
northern  Emrope — ^Holland,  Germany,  Russia,  and  parts  of  France 
and  Austria.  The  disappearance  of  the  forests  at  a  comparatively 
early  period,  while  agricidture  was  the  most  important  industry  of 
these  countries,  led  to  the  widespread  use  of  peat  fuel,  especially 
by  the  poorer  classes  of  people. 
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LATEB  USE. 

Peat  has  long  beea  generally  tised  in  Europe  as  fuel  for  heating  and 
other  domestic  uses,  and  more  recently  for  power  generation.  Its  pro- 
duction in  compacted  forms  suitable  for  transportation  and  storage  is 
growing  constantly,  so  that  at  present  every  European  country  hav- 
ing any  considerable  area  of  peat  deposits  is  increasing  the  output 
of  peat  fuel.  In  addition,  Ireland  and  the  countries  of  continental 
Europe  are  encouraging  its  use  by  direct  appropriation  of  funds  to 
aid  new  and  promising  methods  of  preparation,  and  are  supporting 
experiment  stations  for  investigating  and  perfecting  new  processes  for 
utilizing  this  important  natural  resource. 

In  some  parts  of  Canada,  because  of  climatic  conditions,  the  lack 
of  any  considerable  deposits  of  coal,  and  the  existence  of  generally 
distributed  and  extensive  peat  beds,  more  or  less  successful  attempts 
have  been  made  for  50  or  more  years  to  utilize  peat  as  fuel.  The 
matter  has  recently  received  new  impetus  there  because  of  an  indus- 
trial awakening  and  because  of  improvements  made  in  gas  producers 
and  gas  engines  in  Sweden,  Germany,  and  the  United  States  that 
permit  satisfactory  use  of  low-grade  fuels.  As  a  direct  residt  of 
these  factors,  an  experimental  gas  power  station  using  peat  is  being 
established  under  governmental  control  and  thoroughly  equipped 
with  the  best  European  machinery.^ 

In  the  United  States,  for  obvious  reasons,  peat  had  received  but 
scant  attention,  except  at  the  hands  of  a  few  widely  scattered  experi- 
menters, until  the  winter  of  the  year  1902-3,  when  the  memorable 
long-continued  strike  of  the  miners  in  the  anthracite  regions  of  Penn- 
sylvania brought  a  large  section  of  the  coimtry  to  a  realizing  sense  of 
its  almost  complete  dependence  on  that  group  of  men  for  its  supply 
of  fuel. 

Since  that  time  there  has  been  an  important,  if  unsuccessful,  series 
of  attempts  to  produce  peat  fuel  on  a  conmiercial  scale,  and  in  the 
aggregate  htmdreds  of  thousands  of  dollars  have  been  spent  in  equip- 
ping plants  to  manufacture  it  for  the  general  market. 

ADVANCES   IN   UTILIZATION. 

After  the  development  of  the  steam  engine,  and  the  great  impetus 
which  this  gave  to  the  commercial  and  manufacturing  industries  of 
all  European  nations,  peat  was  used  in  constantly  increasing  amounts 
for  the  generation  of  power  by  those  nations  poorly  supplied  with 

a  During  a  part  of  the  season  of  1910  the  Mines  Branch  of  the  Canada  Department  of  Mines  operated  on 
a  commercial  basis  a  demonstration  peat-foel  plant.  This  was  located  at  Alfred,  Ontario,  aboat  30  miles 
from  Ottawa,  and  was  equipped  with  Swedish  machinery.  Part  of  the  1,600  tons  of  air-dried  machine 
peat  produced  by  the  plant  was  sold  to  those  wishing  to  try  tliB  fuel,  and  part  was  used  in  the  gas-producer 
plant  established  by  the  Qoyemment  in  Ottawa  for  testing  peat,  lignite,  and  similar  fueL  These  plants 
are  fully  described  in  Bull.  No.  4,  Can.  Dept  of  Miiies»  Mines  Branch,  2d  edition,  1910. 
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Other  fuels.  Such  use  naturally  led  to  material  improvements  in  the 
ways  of  preparing  peat  for  fuel,  and  to  much  experimenting  aimed 
to  increase  the  quality  of  the  fuel  produced  and  the  rapidity  of  pro- 
duction. The  period  of  experimentation  covered  more  than  half  a 
century. 

The  experimental  work  has  not  been  wh(^y  confined  to  ways  of 
utilizing  peat  as  fuel,  but  has  included  efforts  to  discover  numerous 
other  uses  to  which  the  substance,  or  some  part  of  it,  might  be 
adapted  as  raw  material  for  some  manufacture  in  regions  where  raw 
materials  for  the  specified  purpose  were  either  not  produced,  were 
scarce,  or  were  expensive. 

Therefore,  anyone  desirous  of  \mdertaking  the  use  of  peat  for  any 
purpose  will  find  it  profitable  carefully  and  critically  to  review  the 
work  that  has  been  done  in  Europe,  especially  in  Germany,  Denmark, 
Norway,  and  Sweden,  in  order  to  get  the  benefit  of  the  great  amount 
of  information  that  is  stored  in  the  literature  relating  to  the  subject. 
Not  the  least  important  sources  of  such  knowledge  are  the  records  of 
failures  which  have  occurred,  because  mistakes  made  and  recorded 
need  not  be  repeated. 

In  America  much  less  need  has  arisen  for  the  study  of  the  possible 
uses  of  peat.  In  Canada,  partly  because  of  its  small  coal  fields  and 
cold  climate,  partly  because  of  the  greater  abundance  of  peat,  and 
doubtless,  also,  partly  because  of  the  fact  that  many  of  the  settlers 
before  conung  to  this  country  were  accustomed  to  using  peat  as  fuel 
and  liked  it,  more  persistent  attempts  have  been  made  to  develop  a 
peat-fuel  industry  than  in  the  United  States.  For  50  years  or  more 
some  peat  fuel  has  been  produced  in  the  Provinces  of  Ontario  and 
Quebec  and  has  f oimd  ready  sale,  although  the  manufacture  seemingly 
has  never  been  a  great  success  commercially. 

USE   IN.  THE   UNITED  STATES. 

In  the  United  States  peat  fuel,  in  the  form  of  cut  peat,  was  used  in 
parts  of  New  England  almost  continuously  from  the  time  of  settle- 
ment until  the*  use  of  coal  became  general.  Peat  bogs  in  various 
parts  of  Massachusetts  and  Rhode  Island  still  show  depressions 
that  were  made  years  ago  by  the  removal  of  the  peat  for  fuel,  and  in 
places  remote  from  railroads  some  peat  is  probably  still  cut  for  local 
or  individual  use. 

During  the  latter  part  of  the  Civil  War,  and  in  the  years  immediately 
following  the  war,  considerable  iaterest  was  shown  in  New  York, 
Boston,  and  in  some  other  parts  of  the  United  States,  in  the  pro- 
duction of  peat  fuel  on  a  large  scale,  and  plants  were  established  at 
various  places  in  New  York,  New  Jersey,  Virginia,  and  New  England 
to  experiment  with  machinery  and  processes  for  peat  manufacture. 
These  plants  seem  usually  to  have  had  little  financial  backing, 
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however,  and  none  of  them,  so  far  as  known,  ever  reached  the  com- 
mercial stage  of  production.  The  one  which  probably  came  nearest 
that  point  was  that  of  the  Boston  Peat  Co.  at  East  Lexington,  Mass., 
where  an  excellent  quality  of  peat  and  an  efficient  machine  for 
macerating  and  forming  it  into  bricks  made  a  good  product  possible. 
The  enterprise  was  carried  along  for  some  years,  but  was  eventually 
discontinued. 

In  1902-3  the  strike  of  the  anthracite  coal  miners  already  referred 
to  created  a  fuel  famine  such  as  had  never  before  been  experienced 
in  the  United  States,  and  revived  the  interest  in  the  use  of  peat  as 
fuel.  Since  that  time  many  attempts  have  been  made  to  produce 
fuel  from  peat  on  a  profitable  commercial  scale,  but  for  many  reasons, 
some  of  which  are  considered  hereafter,  very  little  peat  fuel  of  any 
sort  has  yet  appeared  in  American  markets.  However,  at  least 
$1,000,000  in  the  aggregate  has  been  spent  in  erecting  plants  and  in 
experimenting  with  various  processes  of  handling  and  preparing  the 
substance.  Because  the  closing  of  larger  plants  before  they  had 
reached  a  stage  of  demonstrated  success  was  so  general,  more  con- 
servative developments  have  been  planned  for  making  a  thorough 
trial  of  the  material  in  favorably  situated  places  under  American 
conditions  of  production  and  fuel  supply.  Some  of  these  are  about 
to  be  started  under  much  more  favorable  auspices  than  any  of  their 
predecessors. 

It  is  evident  from  the  foregoing  that  as  yet  no  peat-fuel  industry 
can  be  said  to  exist  in  the  United  States,  although  much  experi- 
mental work  has  been  done  and  great  sums  of  money  spent  to 
establish  one.  In  Europe  the  peat  beds  of  various  nations  are 
sources  of  raw  materials  for  industries  of  some  magnitude,  although 
their  development  is  still  in  an  experimental  stage,  as  is  pointed 
out  in  succeeding  pages.  In  the  United  States,  with  few  exceptions, 
the  use  of  peat  for  other  than  fuel  purposes  has  not  yet  been 
attempted,  partly  because  of  the  great  quantities  of  better  materials 
available  for  the  purposes,  and  partly  because  manufacturers  are 
not  sufficiently  informed  regarding  the  possibilities  of  different 
kinds  of  peat. 

PEAT  DEPOSITS  IN  THE  UNITED   STATES. 
QUANTITY   OF   PEAT   AVAILABLE. 

So  little  exact  information  has  been  obtained  in  regard  to  the  area 
and  depth  of  the  peat  deposits  in  the  United  States  that  an  accurate 
estimate  of  the  quantity  available  is  impossible.  On  the  assumption 
that  there  are  in  the  United  States,  exclusive  of  Alaska,  139,855  square 
miles  of  swamp  lands,*  it  is  estimated  that  8  per  cent  of  this  area,  or 

a  S.  Doc.  151,  dOth  Cong.,  1st  sees. 
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1 1,188  square  miles,  will  have  peat  deposits  of  good  quality.  Assum- 
ing further  that  the  average  depth  of  the  peat  in  this  area  is  at  least 
9  feet,  and  that  the  average  yield  will  be  200  tons  of  salable  fuel  p^er 
acre  for  each  foot  of  depth,  the  total  available  fuel  in  these  deposits 
will  reach  12,888,500,000  tons;  this  quantity,  if  converted  into 
machine-peat  bricks  and  sold  at  $3  per  ton,  would  have  a  value  of 
$38,665,700,000 — ^no  mean  resource,  but  one  that  would  furnish 
heat  and  power  for  the  entire  country  for  many  years. 

DISTBIBUTION  OF  DEPOSrrS. 

Peat  beds  are  not  uniformly  distributed  over  the  countiy  (see 
map,  PI.  I),  but  lie  chiefly  in  the  region  north  of  a  somewhat  irregular 
line  extending  westward  from  close  to  the  southern  boimdary  of 
New  York  nearly  to  the  ninetieth  meridian  and  thence  northward  to 
Canada.  This  region  is  supplemented  by  a  narrow  strip  of  land  that 
extends  along  the  Atlantic  coast  to  Florida,  includes  the  whole  of 
that  State,  and  reaches  westward,  probably  across  Texas,  to  the 
Mexican  border.  In  the  Pacific  coast  States  there  are  some  peat 
areas  of  workable  size  in  Califoroia,  and  also  in  the  valleys  of  some 
of  the  lakes  and  rivers  of  Oregon  and  Washington,  but  little  is  known 
of  the  extait  and  character  of  the  deposits. 

The  reasons  for  this  peculiar  distribution  of  peat  are  not  evident, 
but  extended  investigation  will  doubtless  show  it  to  be  definitely 
correlated  with  certain  geologic  and  climatic  conditions  which 
can  not  be  discussed  here. 

It  is  an  exceedingly  interesting  coincidence  and  a  most  important 
economic  consideration,  however,  that  the  regions  where  peat  is 
most  abundant  are  relatively  remote  from  the  coal  fields,  the  only 
exception  being  an  overlapping  of  peat  and  coal  in  Michigan.  In 
that  State,  however,  as  geologists  are  aware,  the  part  of  the  coal 
field  known  to  be  commercially  productive  is  not  of  large  extent,  but, 
so  far  as  developed,  is  confined  to  small  areas  on  the  eastern  and 
southern  mai^ins,  the  interior  yielding  but  Uttle  coal.  Aside  from 
this  area,  the  much-less  marked  overlapping  of  peat  and  coal  in 
Illinois,  and  the  slight  coinciding  of  peat  and  lignites  in  the  western 
border  of  the  peat-bearing  regions,  there  is  a  well-marked  separation 
of  the  coal  fields  and  the  areas  that  contain  peat.  This  is  clearly 
shown  on  Plate  I. 

When  one  also  notes  that  the  more  Northern  States,  in  which  fuel 
is  most  needed,  and  the  parts  of  the  Southern  States  where  other 
kinds  of  fuel  are  not  readily  available,  are  rich  in  peat,  it  seems 
strange  that  a  more  careful  examination  into  the  possibilities  of  the 
peat  resources  of  the  country  has  not  been  made,  because  potentially 
they  have  large  value  and  great  possibilities. 
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BfiSUMfi. 

On  the  whole,  then,  it  may  be  said  that  the  use  of  peat  for  any 
purpose  in  the  United  States  is  small  as  compared  with  that  in  Euro- 
pean coimtries.  The  peat  beds  are  a  great  and  neglected  resource 
which,  when  properly  and  fully  developed,  will  add  to  our  national 
wealth  no  inconsiderable  quantity  of  good  fuel  and  of  raw  material 
for  important  arts  and  manufactures.  The  discussion  will  of  necessity 
be  devoted  largely  to  the  uses  of  peat  in  European  countries  and  to  the 
methods  of  securing  marketable  products  in  commercially  paying 
quantities  there.  Only  by  carefully  considering  these  can  the  mis- 
takes and  failures  of  the  past  be  avoided  and  improvements  of  exist- 
ing processes  made. 

It  must  also  be  considered  that  any  mechanical  devices  and  pro- 
cesses for  making  peat  fuel  and  other  products  which  are  in  suc- 
cessful operation  abroad  are  those  which  have  established  them- 
selves by  demonstrating  through  a  long  period  of  years  their  value 
in  competition  with  many  others  which  have  been  eliminated  because 
of  failure  to  meet  the  demands  put  upon  them  by  the  requirements 
of  actual  conunercial  operations.  These  devices  and  processes  are 
therefore  all  the  more  worthy  of  careful  study  by  prospective  invest- 
ors in  this  cotmtry.  ^ 

To  summarize:  The  foundation  of  all  successful  development  and 
growth  of  peat  industries  in  the  United  States  must  be  a  thorough 
scientific  study  of  the  occurrence,  nature,  qualities,  and  peculiari- 
ties of  peat  itself  and  a  careful  and  honest  investigation  of  the  status 
of  these  industries  in  the  European  countries  in  which  they  have 
reached  self-supporting  existence.  To  begin  without  these  prelimi- 
nary studies  would  be  the  height  of  folly. 

OOliPABATIVE  COST  OF  PEAT  AND  COAL  AS  FUEL. 

Comparing  the  cost  of  peat  fuel  with  that  of  coal,  the  former 
could  be  produced  with  less  danger  and  with  a  much  less  expensive 
equipment  if  it  needed  only  to  be  dug,  because  it  lies  at  or  just  below 
the  surface  of  the  ground.  A  readily  marketable  type  of  peat  fuel, 
in  the  form  of  air-dried,  slightly -compressed  blocks,  can  probably  be 
produced  at  an  expense  of  from  75  cents  to  $1.25  or  $1.60  per  ton, 
and,  with  properly  devised  and  properly  arranged  machinery,  pro- 
duction on  a  large  scale  would  considerably  lower  the  higher  price 
for  peat  of  well-decomposed  types. 

On  the  basis  of  the  comparisons  of  the  heating  values  given  in  the 
following  sections,  and  at  the  prices  of  production  noted,  clearly 
more  heat  units  for  the  same  investment  of  money  could  be  obtained 
from  peat  than  from  coal,  for  2  tons  of  peat  could  doubtless  be 
bought  for  the  same  price  as  1  ton  of  coal,  and  even  the  best  coals 
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do  not  have  twice  the  heating  value,  pound  for  pound,  of  good  fuel 
peat.  No  peat  fuel  has  yet  been  produced  at  such  low  cost  in  this 
countiy,  however,  and  that  the  figures  based  upon  European  pro- 
duction can  be  made  the  basis  of  calculation  for  American  conditions 
remains  to  be  demonstrated.  That  the  bulkiness  of  air-dried  peat 
fuel  will  make  the  cost  of  transportation  and  of  storage  under  cover 
relatively  high  must  also  be  noted.  The  high  cost  of  transporta- 
tion will  probably  prevent  the  shipment  of  the  product  for  any 
considerable  distance  from  the  place  of  origin  except  by  water  routes; 
the  high  cost  of  storage  will  easily  adjust  itself  when  consumers  have 
an  opportunity  to  learn  the  value  of  peat  fuel. 

Both  transportation  and  storage  are  facilitated  and  objections  of 
the  sort  mentioned  are  reduced  to  a  minimum  if  the  peat  is  com- 
pacted by  thorough  maceration,  or  pressed  into  small,  dense,  com- 
pact briquets  by  the  use  of  powerful  briquetting  presses.  As  pointed 
out  below,  however,  there  are  serious  difficulties  in  the  way  of  using 
the  latter  process,  and  imtil  these  have  been  removed  and  this  method 
of  preparation  is  a  demonstrated  commercial  success  no  conclusions 
of  value  can  be  based  upon  it  as  a  factor  in  this  discussion. 

BELATIVE  VALUE  OF  PEAT  FUEL. 

In  conclusion,  peat  fuel  may  be  said  to  be  especially  useful  for  cer- 
tain purposes  for  which  wood  was  formerly  in  general  use  and  for 
which  coal  has  not  yet  been  altogether  successfully  introduced,  such  as 
brick  and  other  forms  of  ceramic  firing  and  lime  burning.  It  appears 
to  reach  its  highest  value,  however,  as  a  source  of  producer  gas 
in  properly  constructed  gas  producers,  and,  as  shown  in  the  sections 
of  this  report  devoted  to  the  uses  of  peat  (pp.  144-161),  this  is  a  veiy 
efficient  way  in  which  to  use  its  energy. 

The  fact  must  be  noted  that  no  quantity  of  peat  fuel  of  any  type 
sufficient  to  prove  its  value  has  yet  been  produced  in  the  United 
States;  until  this  has  been  done,  although  the  outlook  and  European 
experience  warrant  further  investigation  of  its  possible  uses  and 
value,  no  final  conclusions  as  to  the  commercial  value  of  American 
peat  as  compared  with  coal  can  be  reached. 

661*»— Bull.  16—11 2 


ORIOIK  AND  FORMATIOK  OF  PEAT. 

NTBCESSAKY  OUMATIC  AKD   STTRFAGS  OOmmOKS. 

Peat  is  found  in  all  parts  of  the  earth  where  the  conditions  of 
moisture  are  favorable,  but  it  is  most  uniformly  present  in  regions 
where  the  rainfall  is  regular  and  abundant  and  the  relative  humidity 
of  the  air  is  constantly  high.  The  first  factor  supplies  the  necessary 
water,  and  the  second  prevents  excessive  evaporation.  As  cool  or 
cold  air  is  much  more  readily  saturated  with  water  vapor  than  is 
warm  air,  the  temperate  and  cold  parts  of  the  earth  generally  have 
more  humid  atmosphere  than  the  warmer  parts,  and  in  this  respect 
are  favorable  to  peat  formation. 

The  form  of  land  surface  is  also  an  important  factor  in  determining 
the  relative  frequency  of  occurrence  of  deposits  of  peat,  especially 
in  regions  where  rstinfall  is  somewhat  irregular,  where  the  climate 
approaches  dryness,  or  where  hot,  dry  sununers  are  somewhat  fre- 
quent, as,  for  example,  in  the  greater  portion  of  the  valley  of  the 
Mississippi  and  the  southern  part  of  the  basin  of  the  Great  Lakes. 
In  regions  of  this  character  the  presence  of  numerous  depressions  in 
which  water  may  collect  and  stand  permanently  at  a  nearly  con- 
stant level,  and  of  poorly  drained  valleys  or  plains,  largely  controls 
the  quantity  of  peat  that  will  be  found,  since  these  depressions  fur- 
nish places  where  accumulations  of  vegetable  matter  may  be  kept 
from  desiccation  and  complete  decomposition. 

From  climatic  causes  the  factors  mentioned  as  favoring  peat  for- 
mation are  most  generally  present  in  the  cold  and  temperate  regions 
of  the  earth.  Especially  is  this  true  in  the  Northern  Hemisphere, 
where  there  are  land  masses  of  great  extent  in  which  surface  drain- 
age has  been  profoundly  affected  by  glacial  ice  so  recently  that  there 
has  not  been  time  for  it  to  become  reestabUshed,  and  in  consequence 
shallow,  undrained  basins  and  broad,  flat  valleys  are  numerous. 

BEaiONS  IN  KOBTH  AKEZtlOA  FAVOBABLE  FOB  THE  FOBKA- 

TION  OF  FEAT. 

Conditions  such  as  have  been  mentioned  are  general  in  the  eastern 
part  of  North  America  north  of  40®  north  latitude,  hence  peat 
deposits  are  more  numerous  and  more  widely  distributed  in  that  part 
of  the  continent  than  to  the  southward  and  southwestward,  whereas 
aridity  is  an  unfavorable  factor  in  the  region  west  of  the  ninetieth 
meridian.  In  (^anada,  which  hes  practically  wholly  within  the  first- 
mentioned  region,  more  than  35,000  square  miles  of  land  surface  are 
covered  by  peat  deposits;  that  part  of  the  United  States  adjacent 
16 
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to  the  Canadian  boimdaiy  and  east  of  North  Dakota  is  equally  fa- 
vorable in  tsituAtton  and  has,  in  the  aggregate,  Imge  areas  of  workable 
peat  beds. 

Southward  of  the  fortieth  parallel  higher  summer  temperatures, 
longer  summers,  more  frequent  longdroi^ts,  and  the  prevalent  dr>nng 
winds,  t<^ether  with  the  more  thorough  drainage  of  the  land  surface, 
combine  to  bring  about  conditions  adverse  to  peat  formation;  hence 
deposits  are  fewer  and  ^raialler  tiian  to  the  northward,  or  are  entirely 
absent. 

In  this  more  soatheriy  region  the  low  relative  humidity  of  the  air 
for  long  periods  during  the  summer  months  is  doubtless  an  important 
factor  in  restnctisig  the  aocumulation  of  peat.  The  drying  winds  and 
the  heated  air  characteristic  of  mmmer  in  this  part  of  the  country 
constantly  evaporate  the  water  from  the  surface  of  the  soil;  the 
warmth  of  the  soil  decreases  the  viscosity  of  the  soil  water  and  per- 
mits it  to  drain  away  readily.  Combined,  these  factors  keep  the  sur- 
face of  the  ground  in  such  a  condition  that  very  little  peat  can  form 
upon  it,  despite  the  great  abundance  and  luxuriance  of  plant  growth 
induced  by  favorable  cfimate  and  a  long  growing  season.  In  the 
far  north,  on  the  other  hand,  where  the  growing  season  is  short, 
even  though  other  factors  favor  the  development  of  peat,  little  will 
be  formed  because  the  vegetation  of  the  region  is  too  limited  in 
amount  to  form  accumulations  of  sufficient  size.  It  is  apparently 
true  that  peat  may  form  to  considerable  thickness,  even  in  high 
latitudes,  in  both  the  Northern  and  Southern  Hemispheres  -wherever 
the  climate  is  oceanic  or  the  ground  permanently  frozen.  No 
reports  of  the  v^etaHe  structure  of  these  types  of  peat  are  available, 
however,  and  some  of  the  observed  accumulations  may  possibly 
represent  a  milder  climate  than  that  which  now  prevails  tu  the  regions 
under  discussion. 

■ 

The  present  state  of  our  knowledge  indicates  that  the  deepest 
deposits  of  peat  in  North  America,  as  well  as  those  of  greatest  extent, 
are  to  be  found  from  100  to  150  miles  on  either  side  of  the  boundary 
between  the  eastern  United  States  and  Canada. 

East  of  the  Appalachian  mountain  system,  however,  the  proximity 
of  the  Atlantic  Ocean  causes  a  considerably  greater  rainfall  and 
much  moister  atmospheric  conditions  than  are  found  west  thereof. 
This  is  especially  true  of  the  Coastal  Plain,  a  flat,  imperfectly  drained, 
relatively  narrow  strip  of  land  that  borders  the  ocean  southward 
from  New  York,  and,  geologically  speaking,  has  very  recently  come 
above  sea  level.  There  is  evidently  a  combination  of  factors  here 
which  makes  peat  formation  possible  farther  southward  than  is  pos- 
sible under  the  conditions  on  the  western  side  of  the  mountains, 
viz:  Poorly  drained,  flat  land  surface,  heavy  rainfall,  and  highly 
humid  air. 
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From  the  foregoing  statements  it  seems  that  two  kinds  of  land 
surface  are  more  suitable  than  others  for  the  development  of  peat 
beds.  These  are  basins  and  gently  sloping  or  flat  areas.  In  addi- 
tion, a  sufficient  and  regular  rainfall  and  usually  humid  atmospheric 
conditions  are  essential  in  order  that  the  basins  may  be  permanently 
filled  by  water  and  the  surfaces  of  itie  plains  remain  continually  moist 
or  wet. 

It  may  be  added  also  that  wherever  the  precipitation  is  great 
enough,  and  the  relative  humidity  of  the  air  is  high  enough,  or 
wherever,  because  ^f  low  air  and  soil  temperatures,  evaporation  and 
run-off  are  slight,  peat  will  form  on  any  surface  on  which  the  neces- 
rary  plant  material  can  accumulate.  Such  conditions  are  not  usual 
within  the  borders  of  the  United  States,  although  widespread  in 
Alaska,  and  need  not  be  discussed  at  this  time. 

COKDITIONS  FAVOBING  THE  GBOWTH  OF  PLANTS. 

Before  going  further  into  details  relative  to  peat  formation  it  is 
essential  for  a  correct  understanding  of  the  way  in  which  different 
kinds  of  peat  may  originate  to  consider  briefly  the  principles  of  the 
relationship  of  plants  to  their  environment  and  the  conditions  under 
which  vegetation  of  different  types  can  grow.  An  understanding  of 
these  makes  possible  a  statement  of  the  kinds  of  plants  which  may 
contribute  to  the  peat  of  given  regions  and  an  absolute  determina- 
tion of  certain  of  its  characteristics.  The  matter  also  has  an  impor- 
tant practical  bearing  on  questions  relating  to  the  use  of  peat  for 
specific  purposes. 

At  the  outset  it  may  be  stated  that  green  plants  are  the  only 
types  capable  of  independent  existence  and  therefore  the  only  ones 
that  can  make  any  considerable  contributions  to  peat  deposits.  All 
of  these,  in  order  to  grow,  must  have  light,  heat,  air,  water  or  moisture, 
and  certain  mineral  and  gaseous  chemical  compounds,  which  are 
dissolved  in  the  water  or  intimately  mixed  with  the  air.  The  most 
important  gases  derived  by  plants  from  the  air  are  carbon  dioxide 
and  oxygen.  By  the  aid  of  light  and  heat  the  plants  cany  on  in 
their  green  parts  the  very  complicated  chemical  processes  by  which 
the  raw  food  materials,  consisting  of  carbon  dioxide,  oxygen  and 
other  gases,  water,  and  mineral  and  other  compounds,  are  converted 
into  food  and  then  into  living  cells,  tissues,  and  organs. 

The  most  durable  parts  of  these  structures  after  they  have  served 
their  purpose  in  the  economy  of  a  plant  remain  more  or  less  unchanged 
after  its  death,  and  under  favorable  conditions  form  peat.  In  the 
larger  plants,  like  trees,  some  of  these  durable  parts  are  in  the  form 
of  wood,  a  hard,  very  complicated  chemical  substance;  but  the 
leaves  of  trees  and  the  entire  plant  in  many  of  the  smaller  and  lower 
types  of  plants  are  made  up  of  a  softer,  less  dense,  but  very  stable 
material  called  cellulose.     It  is  from  this  material,  which  is  a  com- 
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pound  of  carbon,  hydrogen,  and  oxygen,  that  a  great  part  of  peat 
substance  originates. 

Every  plant  requires  for  its  existence  and  growth  a  certain  quan- 
tity of  each  of  the  essential  factors  mentioned  above,  but  each  plant 
has  its  own  particular  needs,  and  differs  from  all  others  in  the  least 
or  minimum  quantity  of  some  or  all  of  these  factors  which  it  must 
have  in  order  to  maintain  itself  and  in  the  tolerance  whichnt  shows 
to  the  presence  of  a  quantity  in  excess  of  its  needs. 

Thus  some  plants  require  much  Ught;  others  can  flourish  in  or  must 
have  the  shade;  some  grow  well  in  dry  places;  others  must  have 
quantities  of  water  if  they  are  to  live  at  all.  On  the  other  hand,  an 
excess  of  light,  heat,  water,  or  of  dissolved  minerals  or  other  soluble 
matter  is  detrimental,  and  may  completely  stop  growth  quite,  as 
certainly  as  deprivation.  These  matters,  however,  need  not  be  dis- 
cussed at  length  in  this  place,  as  they  are  fully  illustrated  in  the 
succeeding  paragraphs. 

PLANT  DEPOSITS  IN  DBPBBSSIONS  FILLED  WITH  WATER. 

Water-filled  basins,  lakes,  and  ponds  are  first  considered  because 
they  present  in  a  way  the  simplest  conditions  of  growth  for  plants, 
and  iQ  them  the  combinations  of  the  essential  factors  of  plant 
growth  as  related  to  the  formation  of  peat  are  most  easily  understood. 

AQUATIC  PLANTS. 

Plants  of  several  great  groups  or  classes  habitually  grow  wholly  or 
partly  submerged  in  water.  The  algse,  certain  mosses,  and  a  few 
other  less  frequent  kinds  of  spore-bearing  plants,  which  are  the  low- 
est types  of  vegetation,  normally  grow  entirely  beneath  the  surface 
of  the  water.  They  either  float  without  attachment  just  below  the 
surface  or  deeper,  or  are  attached  to  the  bottom  or  to  other  fixed  or 
floating  forms  in  shoal  water. 

The  alg»  are  purely  aquatic  plants  represented  by  great  numbers 
of  species  and  often  by  enormous  numbers  of  individuals  in  a  given 
locality.  Fresh-water  algse,  with  which  this  discussion  is  chiefly 
concerned,  are  plants  of  simplest  structure  and  of  small,  often  micro- 
scopic, size.  In  them  the  vegetative  body  is  without  differentiation 
into  roots,  stem,  and  leaves,  as  in  most  seed  plants,  but  consists  of 
one  or  more  cells  which  perform  the  essential  functions  of  all  of  these 
organs.  The  most  common  and  easily  recognized  fresh-water  algse 
are  the  bright  green  '*pond  scums"  so  abundant  in  still  water  during 
the  spring  and  summer.  Since  these  plants  float  about  in  the  water 
their  remains  may  be  found  at  any  depth  from  the  surface  to  the 
bottom. 

Of  the  great  groups  of  plants  higher  than  the  algae,  none  of  im- 
portance is  made  up  exclusively  of  aquatic  plants;  in  fact,  none  has 
more  than  a  relatively  small  number  of  representatives  which  grow 
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wholly  in  the  water.  Among  these  higher  types  may  be  mentioned 
the  mosses,  the  liverworts,  a  few  of  the  fern  alUes,  and  the  flowering  or 
seed  plants.  The  mosses  and  lirerworts  are  sanaU  in  size,  simple  in 
structure,  and  generally  rootless,  but  under  favorable  oircumstanees 
they  sometimes  flourish  in  vast  numbers,  even  to  the  exclusion  of 
other  types,  and  they  may  then  form  ext«3sive  beds  of  peat  by  their 
growth  and  partial  decay. 

SEED   PLANTS. 

The  seed  plants,  or  flowering  plants  as  they  are  often  called,  are 
more  differentiated  in  structure  than  the  types  already  considered 
and  are  correspondingly  more  rigid  in  their  requirements  than  the 
algse  and  mosses.  Among  other  well-marked  distinctiona  is  their  very 
general  dependence  upon  the  soil  for  water  and  mineral  matter. 
These  they  take  up  by  subterranean  organs,  specially  adapted  to  this 
purpose  and  called  roots,  with  which  they  are  usually  provided. 

Aside  from  the  general  necessity  of  attaching  themselves  to  the  soil, 
the  seed  plants  also  differ  from  the  lower  types  by  having  their  cells 
organized  into  tissues,  and  these  are  further  differentiated  into  organs 
with  special  functions.  This  more  complicated  organism  implies  in 
turn  certain  exacting  requirements  as  to  favorable  conditions  for 
growth  and  development,  and  the  various  kinds  of  tissues,  some  of 
which  possess  great  strength,  enable  the  seed  plants  to  reach  large 
size;  hence  they  usually  contribute  more  abundantly  and  more  notice- 
ably than  the  smaller  plants  to  any  accumulations  of  vegetable  matter 
which  may  be  formed  where  they  can  grow.  In  general,  except  under 
the  unusual  conditions  given  below,  they  constitute  the  chief  peat- 
forming  types,  but  they  are  land-loving  forms,  and  only  a  relatively 
small  proportion  of  the  entire  group  is  able  to  live  in  the  water. 

AQUATIC   SEED   PLANTS. 

The  aquatic  seed  plants  may  at  once  be  classed  in  two  chief  groups: 
First,  the  kinds  that  are  truly  aquatic  and  grow  habitually  under  water, 
sending  only  their  flowers  to  the  surface,  and,  second,  those  with  a 
part  or  all  of  their  vegetative  oj^ana,  leaves,  and  stems,  as  well  as 
flowers,  reaching  the  surface  and  floating  upon  it,  or  rising  into  the 
air  above  it. 

As  most  of  these  plants  have  roots  whieh  penetrate  the  soil  at  the 
bottom,  each  species  is  restricted  in  the  depth  of  water  in  which  it  can 
grow  by  the  depth  to  which  sufficient  light  and  heat  can  penetrate  to 
permit  the  development  of  young  plants  from  seeds  and  other  propa- 
gating organs.  The  precise  maximum  depth  at  which  this  occurs 
apparently  varies  with  the  clearness  and  temperature  of  the  water  of 
individual  lakes,  but  it  rarely  exceeds  15  to  18  feet,  and  very  few 
species  are  able  to  start  growth,  or  to  persist  after  starting  in  water 
of  such  depth. 
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SFFBOT  OJT  SUNLIOHT  AKD  jmfTH  OF  WATEQ, 

Toward  shore  from  the  maxunum  depth  at  which  seed  plants  grow 
the  number  of  individuals  and  species  increases;  each  species,  how- 
fever,  is  limited  by  the  depth  of  water  in  which  it  can  thrive.  Hence 
where  the  slope  and  the  character  of  the  bottom  are  constant  enough 
to  give  mxiform  conditions  at  given  depths  entirely  around  the  basin 
the  growing  plants  wlU  obviously  distribute  themselves  around  the 
deep  water  in  definite  bands  or  zones  whose  width  will  depend  upon 
the  angle  of  slope  of  the  bottom. 

Those  species  growing  in  water  of  the  greatest  depth  are  wholly 
submerged^  and  are  characteri^d  principally  by  slender,  flexible 
stems,  and  long  thin  leaves.  In  somewhat  shallower  water,  types 
like  the  water  liliea  will  grow.  Such  types  have  leaves  that  rise  to 
the  surface  of  the  water  and  float. 

Plants  of  the  last-mentioned  kinds  intercept  the  light  falling  upon 
their  leaves,  and  when  abundant  so  darken  the  water  below  that  they 
keep  submerged  species  from  successfully  competing,  or  suppress 
them  entirely,  aud  thus  develop  a  zone  distinct  from  that  in  deeper 
water.  Plants  of  the  pond-lily  type  thrive  in  moderately  sliallow 
water,  except  where  they  do  not  receive  full  sunlight.  They  are, 
therefore,  restricted  on  the  shoreward  side  to  a  depth  of  water  in  which 
grow  those  species  whose  stems  and  leaves  reach  above  the  water's 
surface  and  expand  in  the  air  above,  intercepting  the  light  and  cast- 
ing shadows.  Plants  of  this  sort  are  well  represented  by  the  bul- 
rushes, some  of  the  water-loving  sedges  and  grasses,  and  other  types, 
like  the  pickerel  weed,  that  frequently  grow  in  dense  masses  in  shallow 
water  along  the  margins  of  lakes  and  slow  streams,  especially  where 
the  bottom  soil  is  good. 

The  plants  of  this  type  most  tolerant  of  water  and  poor  soil  condi- 
tions are  the  lake  bulrushes,  Seirpus  validiLS  Vabl,,  and  closely  related 
species,  which  may  spriiig  up  and  thrive  in  water  somewhat  more 
than  5  feet  deep.  Species  with  floating  leaves  may  obviously  be  over- 
shadowed at  this  depth. 

Shoreward  from  this  maximum  depth  of  slightly  more  than  5  feet, 
the  light  may  be  intercepted  above  the  surface  by  plants  that  increase 
in  numbers  of  species  and  individuals  as  the  depth  of  water  decreases. 
These  plants  crowd  into  the  shallows  and  frequently  take  complete 
possession  of  the  bottom  by  means  of  strong,  tough,  much-branched, 
undergroimd  stems  and  deeply  penetrating  fibrous  roots,  which  by 
degrees  form  a  firm  dense  turf  by  constantly  iucreasing  accretions  of 
new  growth.  Periods  of  drought  and  consequent  low  water  doubt- 
less aid  the  advance  of  plants  of  this  kind.  Such  periods  afford  con- 
ditions that  are  favorable  to  development  of  these  plants  and  hasten 
the  time  when  the  turf  may  become  so  strong  and  buoyant  as  to  build 
out  from  the  firmer  part  of  the  bottom  and  form  a  floating  marginal 
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shelf  or  mat.  This  mat,  rising  and  falling  with  the  water  level,  is 
gradually  extended  by  the  constantly  advancing  plants  mitil  the  open 
water  in  the  basin  is  entirely  filled  and  covered. 

DEPOSITION   OF  PLANT  TISSUES. 

In  the  orderly  sequence  of  plant  groups  above  detailed  each  mem- 
ber of  all  of  the  associations  adds  to  the  bottom  from  which  it  has 
grown,  at  least  a  part  of  the  tissues  that  it  has  built  by  its  life  proc- 
esses. The  more  highly  organized  plants  in  sinking  carry  the 
numerous  attached  or  entangled  algse  and  other  organisms  and  fiine 
sediments,  and  by  so  much  increase  the  total  deposit. 

By  this  constant  accretion  of  dead  tissues  the  bottom  on  which  any 
group  of  plants  has  established  itself  is  built  up,  shoaling  the  water, 
and  opportunity  is  given  for  shoreward  types  to  occupy  the  new  terri- 
tory thus  made  available  to  them.  They  may  then  push  lakeward 
or  crowd  out  entirely  the  deep-water  species  that  have  so  far  held  the 
ground  and  made  it  more  habitable. 

Each  plant  zone  makes  its  advance  in  order  from  the  older  to  the 
new  position.  But  as  the  shoreward  zones  are  more  densely  popu- 
lated than  those  farther  lakeward,  and  as  the  plants  forming  their 
associations  are  more  abundantly  supplied  with  firm,  tough  tissues 
and  other  vegetative  structures,  the  upbuilding  goes  on  more  rapidly 
in  shallow  water.  Because  of  these  facts  a  tendency  develops  for  the 
deep-water  zones  to  become  narrow  as  the  slope  of  the  lakeward  face 
of  the  deposit  gradually  grows  steeper.  On  the  other  hand,  the  ten- 
dency of  deep-water  zones  to  become  narrow  is  checked  to  some 
extent  by  the  spreading  out  of  the  accumulations  of  the  shoal-water 
zones.  Winds  and  currents  act  to  spread  these  accumulations  after 
they  have  been  loosened  by  storm  waves.  In  consequence  the  depos- 
its are  finally  built  up  near  enough  to  the  surface  to  be  covered  and 
protected  by  the  turf-forming  plants.  These  are  quick  to  occupy  any 
areas  of  the  bottom  which  approach  the  surface  of  the  water,  and  pre- 
vent further  disturbance  of  the  surface  of  the  deposit  by  holding  the 
material  firmly  in  place,  so  that  from  the  time  they  gain  roothold  the 
growth  of  the  deposit  goes  on  steadily  until  its  surface  is  raised  above 
the  level  of  the  water. 

Once  started  under  natural  conditions,  this  process  goed  on  with 
only  such  interruptions  as  are  due  to  fluctuations  of  the  water  level 
caused  by  variations  in  rainfall  and  evaporation,  or  by  disturbances 
of  the  drainage  of  the  basin,  the  lake  becomes  slowly  but  continually 
shallower  and  smaller  \mtil  it  entirely  disappears  and  a  marsh  replaces 
it,  and  the  basin  is  completely  closed  by  the  peaty  remains  of  the 
plants  that  have  grown  in  the  water  or  slightly  above  its  siurface. 

Therefore,  the  peat  which  accumulates  in  lakes,  ponds,  or  other 
water-filled  basins  is  built  up  at  first  by  aquatic  plants,  including 
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minute  algs,  that  form  a  deposit  from  the  bottom  and  around  the 
sides  of  the  depression,  extending  out  from  the  shore  to  a  depth  of 
about  15  feet.  The  material  thus  formed  is  added  to  in  many  cases 
and  in  varying  quantity  by  drift  material  blown  in  from  the  shores  by 
the  winds  or  carried  in  suspension  by  inflowing  streams. 

ZONES    OF  AQUATIC   VEGETATION. 

In  basins  where  the  conditions  of  plant  growth  are  favorable  and 
certain  kinds  of  plants  become  established,  the  aquatic  vegetation 
arranges  itself  in  well-<iefined  zones  more  or  less  concentric  around  the 
deepest  part  of  the  lake.  Each  zone  is  characterized  by  some  domi- 
nant group  of  plants,  which  in  the  northern  United  States  are,  broadly 
speaking,  always  as  follows,  beginning  with  the  zone  in  the  deepest 
water  and  progressing  shoreward:  (1)  the  pond  weeds,  Potamogeton; 
(2)  the  white  and  yellow  pond  lilies,  Castalia  and  Nymphaea;  (3)  the 
lake  bulrushes,  Scirpus;  (4)  the  amphibious  sedges,  CareXj  EleocJuiris, 
etc.,  especially  the  turf -forming  slender  sedge,  Carex  fliformis  L.,  or 
species  of  similar  habits.  In  the  open  water  of  any  depth  the  unat- 
tached algse  and  certain  rootless  seed  plants  may  grow,  and  these 
often  are  abundant  enough  to  constitute-  a  considerable  element  in 
the  formation  of  peat;  very  rarely  certain  mosses,  including  Sphagnum, 
are  found  growing  in  this  way. 

In  the  southern  border  of  that  part  of  the  country  where  lakes  and 
ponds  are  numerous  and  southward  thereof,  a  pecuHar  semiaquatic 
plant,  the  swamp  loosestrife  Decodon  verticiUattbs  (L.)  Ell.,  is  usually 
found  bordering  the  open  water  in  a  broad,  dense  zone,  excluding  all 
other  species.  This  plant  establishes  itself  by  means  of  long,  slender, 
arching  branches,  the  tips  of  which  develop  buds  and  roots  when  they 
touch  water,  and  thus  form  new  plants  from  1  to  3  feet  away  from  the 
original  station. 

By  the  stem  from  which  it  grew  the  new  plant  is  held  in  place  for 
a  year  or  more,  during  which  time  it  may  be  able  to  secure  firm 
roothold  on  the  bottom  below.  In  this  way  the  open  water  of  the 
basin  is  closed  in,  as  fast  as  the  peat  is  built  up,  by  aquatic  plants 
near  enough  to  the  surface  for  the  roots  of  the  Decodon  to  reach 
bottom. 

The  species  forms  dense  woody  stools,  the  tops  of  which  rise  several 
inches  or  even  a  foot  above  the  water  level.  On  these  many  kinds 
of  plants  find  growing  places  and  close  in  the  open  spaces  between  the 
stools  until  there  is  formed  a  firm  structure  on  which  shrubs  and  trees 
may  at  once  estabUsh  themselves  without  the  intervening  period  of 
the  dominance  of  sedges. 

Plants  of  each  of  these  zones  contribute  to  the  vegetable  accumu- 
lations, and  as  the  mass  of  d6bris  is  slowly  spread  into  the  deeper 
parts  of  the  basin,  if  these  exceed  the  depth  of  15  feet  and  the  bottom 
is  raised  sufiiciently  so  that  the  plants  may  grow  upon  it,  they  move 
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into  the  newly  made  territory  in  the  same  order  in  which  they  have 
occupied  the  old. 

It  should  he  noted,  howeyer,  that  any  or  all  ol  the  zones  of  aquatic 
plants  may,  without  perceptible  cause,  he  absent  from  a  part  or  the 
whole  of  lakes  in  which  they  might  he  expected  to  occur,  and  that  few 
ponds  in  a  given  region  have  exactly  the  same  species  or  the  same 
abundance  of  individuals  of  the  kinds  present.  It  is  nevertheless 
true  that  where  the  various  aones  of  plants  are  at  all  completely  repre- 
sented, the  order  of  occurrence  given  above  ia  invariable,  unless  the 
bottom  of  the  basin  is  broken  by  shallows  or  by  deep  holes. 

VEGETATION   OF   WET   SEDGE   MAT. 

With  respect  to  the  vegetation  of  the  wet,  poorly  drained  soils 
formed  by  the  advance  of  plants  upon  a  body  of  water,  the  conditions 
which  exist  in  those  places  where  a  floating  mat  or  mai^iaal  platform 
of  turf  has  been  formed  by  the  sedges  do  not  materially  change  imtil 
the  mat  is  given  stability  and  is  fixed  with  regard  to  the  normal  water 
level  by  grounding  or  by  becoming  so  thick  that  it  no  longer  rises  and 
falls  with  temporary  changes  of  the  water  level.  The  mat  is  always 
sufficiently  buoyant  to  prevent  its  sinking  much  below  water  level, 
and  even  when  very  old  and  sufficiently  firm  to  support  laige  trees  it 
is  rarely  more  than  4  or  5  feet  in  thickness.  Where  thickest  and 
oldest  it  is  always  sharply  differentiated  in  its  structure  from  the 
deposit  formed  by  the  remains  of  the  true  aquatic  plants  below  it,  so 
that  its  vertical  limits  may  be  exactly  determiued. 

In  its  younger  stages  of  formation  the  mat  is  thin,  being  often  less 
than  18  inches  thick,  and  may  have  several  feet  of  clear  water  below  it. 
It  also  lacks  the  fixmness  found  in  later  stages. 

Upon  the  surface  of  the  sedge-formed  turf,  after  it  has  ceased  to 
rise  and  fall  with  the  changes  in  height  of  the  water,  other  plants  than 
the  sedges  make  their  appearance,  and  these  also  arrange  themselves 
in  zones,  in  accordance  with  their  requirements  for  or  tolerance  of 
water  about  their  roots.  Most  land  plants  require  that  their  roots 
shall  receive,  by  contact  in  the  soil,  the  air  which  they  need,  and  an 
excess  of  water,  in  so  far  as  it  excludes  air,  is  detrimental.  Thus,  unless 
plants  have  special  adaptations  for  supplying  air  to  their  roots,  they 
are  soon  drowned  out  of  saturated  or  very  wet  soils.  This  need  of 
air  for  their  roots  is  a  most  important  factor  in  limiting  the  distribution 
of  those  terrestrial  plants  which  are  concerned  in  the  formation  of 
peat,  and  one  which  becomes  operative  as  soon  as  a  deposit  reaches 
the  surface  of  the  water,  or,  in  the  case  of  the  sedge  mat,  as  soon  as 
there  is  a  portion  of  it  exposed  to  the  air. 

HBBB8  AND  SHBUB8. 

Among  the  very  first  plants  to  appear  upon  such  a  surface  are  cer- 
tain herbs,  which  may  grow  even  on  drift  materials  brought  together 
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by  winds  and  waves  on  the  mat  while  it  is  stUl  floating,  or  on  slight 
ridges  formed  by  ice  shove.  The  fact  that  these  plants  grow  only  on 
such  elevations  above  the  level  of  the  water  is  a  plain  indication  that 
they  can  not  endure  as  much  water  as  the  semiaquatic  sedges.  It  is 
by  no  means  uncommon  to  find  many  of  these  first  invaders  of  the 
sedge  mat  growing  as  epiphytes  attached  to  the  stools  formed  by 
groups  of  the  stems  of  sedges,  or  attached  to  the  stems  of  the  larger 
types  of  sedges  some  inches  above  the  water,  their  roots  growing  into 
the  dead  leaves  and  other  ddbris  that  has  found  lodgment  in  such 
places. 

Such  pdoneer  herbs,  principally  annuals  and  therefore  able  to 
take  advantage  of  a  single  favorable  season,  are  quickly  followed  out 
on  to  the  drier  and  firmer  parts  of  the  mat  by  certain  shrubs  of  the 
heath  and  willow  families. 

Over  much  of  the  region  where  this  kind  of  peat  deposit  occurs  the 
most  common  of  the  pioneer  heaths  are  the  leather  leaf,  or  Cassandra, 
Clunna^daphne  calyculata  (L.)  Mo&nch,and  the  Andromeda,  Andromeda 
pclifoliah.;  other  species  of  shrubs  occur,  but  they  are  less  general 
in  their  distribution  or  later  in  their  appearance.  The  species  men- 
tioned form  long,  horizontal,  underground  stems,  from  which  arise  at 
intervals  erect  leafy  branches;  in  this  way  the  plants  spread  rapidly 
when  once  established  and  make  a  dense  growth,  which  before  very 
long  shades  and  destroys  the  sedges. 

SPHAGNUM,   OR  PEAT  MOSS. 

Sooner  or  later  after  the  conditions  enumerated  have  become 
established  Sphagnum,  the  so-called  "peat  moss''  appears,  generally 
following  the  shrubs— more  rarely,  with  them.  Sphagnum  is  the 
large,  grayish-green,  whitish  and  pinkish  moss,  so  widely  distributed 
in  swamps  and  bogs,<*  especially  in  the  northern  part  of  the  United 
States  and  in  Canada.  The  plants  grow  continually  at  the  top,  dying 
below,  and  in  favorable  places  individual  plants  may  be  found  that 
have  made  a  growth  of  more  than  a  foot  in  length  before  the  lower 
part  of  the  stem  is  lost  in  the  disintegrated  mass  below.  As  the 
individual  plants  approach  the  limits  to  which  they  can  grow  above 
the  water  level,  growth  becomes  very  slow,  and  they  appear  stunted 
and  may  finally  dry  up  completely  and  be  succeeded  by  other  types. 

On  the  other  hand,  the  moss  grows  rapidly  when  once  established 
and  quickly  raises  the  surface  of  the  peat  by  pushing  up  among  the 
branches  of  the  shrubs  with  which  it  grows.  As  shown  above,  it  is 
limited  in  its  upward  growth  by  the  height  to  which  water  will  rise 
from  the  general  level  through  the  spongy  mass  below  the  living  tips, 
and  this  height,  except  in  very  moist  climates,  rarely  exceeds  a  few 
feet.     In  Michigan  the  distance  is  seldom  more  than  3  feet  and  is  often 

a  At  least  one  of  the  species  of  Sphagnum  occurring  In  the  northern  United  States  is  aquatic  and  in  one 
locality  has  been  found  growing  as  a  floating  plant  in  the  open  water  of  a  small  lake. 
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less,  but  if  the  water  level  rises  with  the  upgrowth  of  the  peat,  the 
moss  d6bris  may  become  many  feet  thick. 

CONIFEROUS   TREES. 

Following  the  shrubs  and  Sphagnum  appear  a  variety  of  coniferous 
trees,  among  which  are  the  tamarack,  Larix  laricina  (Du  Roi)  Koch; 
the  black  or  swamp  spruce,  Picea  Mariana  (MUl.)  BSP.;  the  arbor 
vitae,  Thuja  occidentalis  L.,  and,  in  certain  places,  the  pines,  especially 
the  scrub  pines,  Pinus  BanJcsiana  Lamb,  and  Pinus  rigida  Mill. ;  and 
less  often  the  white  pine,  Pinus  Strobus  L.  These  trees  are  replaced 
by  others  in  the  Coastal  Plain  region,  but  for  each  climatic  district 
there  are  usually  tree  species  that  establish  themselves  after  the 
sphagnum-shrub  association  has  raised  the  general  surface  of  the  peat 
above  water  level.  .They  appear  first  as  scattered  individuals  and 
subsequently  form  a  zone  near  the  shore.  From  this  vantage  ground, 
as  the  basin  is  more  completely  filled  or  the  water  level  is  lowered, 
they  eventually  cover  the  entire  area,  and  as  they  grow  taller  than 
the  other  plants  and  intercept  a  large  amount  of  light  they  soon 
destroy  such  plants  as  require  the  full  sunlight  for  development. 

DECIDUOUS  TRESS. 

Following  the  coniferous  species,  certain  broad-leaved  deciduous 
trees  secure  foothold  and  in  their  turn  displace  the  conifers  by  over- 
shadowing the  latter  during  youth.  The  deciduous  trees  form  the 
end  of  the  cycle.  By  the  time  they  have  become  dominant  the  surface 
of  the  peat  has  reached  such  a  height  above  the  level  of  the  ground 
water  that  disintegration  and  decomposition  go  on  each  year  at  about 
the  same  rate  as  accumulation  from  additions  to  the  deposit  made 
at  the  surface  by  the  trees,  and  thus  the  conditions  of  the  soil  are 
kept  stable. 

At  any  time,  however,  if  there  is  a  marked  and  sufficiently  long 
elevation  of  the  water  level  the  trees  will  be  destroyed,  and  those 
lower-growing  types  of  plants  that  are  adapted  to  the  new  conditions 
will  reappear.  These  will  begin  again  the  work  of  peat  forming,  and 
the  series  of  stages  above  described  will  be  passed  through  until  once 
more  the  trees  are  estabhshed. 

DEPTHS   AT  WHICH   DIFFERENT   KINDS  OF  PEAT  ARE   FORMED. 

The  many  minor  variations  of  the  way  in  which  lakes  and  ponds  are 
filled  are  of  scientific  interest  and  importance.  It  is,  however,  suffi- 
cient to  note  here  that  where  the  depth  of  water  is  less  than  10  feet 
the  plant  species  usually  restricted  to  water  of  greater  depth  may  be 
entirely  absent  and  a  whole  lake  may  have  only  a  single  type  of  plants 
conspicuously  present  or  only  such  zones  as  are  found  in  shallow 
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water.  Or,  even  in  shallow  basLas,  the  water  may  be  so  dark  colored 
from  the  presence  of  suspended  and  dissolved  organic  matter  that 
all  but  floating  aquatic  plants  are  absent.  Under  such  conditions 
the  basins  fill  from  the  margins  chiefly  and  from  material  washed  and 
blown  into  them,  and  the  actual  formation  of  peat  makes  Uttle 
progress. 

Lakes  in  peaty  swamps,  such  as  those  in  the  southern  part  of  the 
Coastal  Plain,  have  water  of  this  character  and  are  conspicuous  for 
their  lack  of  aquatic  vegetation  and  for  the  small  amount  of  peat  that 
they  contain;  those  in  the  same  latitude  with  clear  water  have  an 
abundance  of  plant  life  and  are  often  partly  filled  with  peat.  The 
writer  attributes  the  absence  of  plants  in  lakes  with  dark  water  to 
lack  of  light  rather  than  to  other  factors,  because  the  shores  and 
shaUow  waters  of  such  lakes  are  often  crowded  with  the  same  kinds 
of  plants  that  live  in  similar  habitats  in  clear  lakes.  The  absence  of 
aquatic  vegetation  has  also  been  noted  in  lakes  of  brown  water  in 
other  regions  than  that  mentioned,  and  there  also  the  same  close 
connection  between  water  coloration  and  plant  growth  seems  to 
exist. 

SUMMARY   AND  CONCLUSIONS    REGARDING    THE   PEAT  OF    WATERr 

FILLED   DEPRESSIONS. 

In  general,  it  may  be  said  that  ponds  and  lakes  are  often  filled  with 
peat  nearly  to  water  level  by  the  accumulation  of  the  remains  of 
aquatic  plants,  which  vary  definitely  in  type  according  to  the  depth 
of  the  water;  that  from  near  the  water's  surface  to  sHghtly  above 
it  sedges  are  the  important  contributors  to  the  peat;  and  that  because 
of  slow  elevation  of  the  water  level  from  any  cause  or  because  of 
slight  sinking  of  the  turf  which  they  form,  their  remains  may  consti- 
tute several  feet  of  the  top  of  the  peat  deposit. 

After  the  surface  of  a  peat  accumulation  is  raised  so  far  above  the 
water  that  it  no  longer  is  overflowed,  herbs  of  many  kinds  may  re- 
place the  sedges;  when  it  is  permanently  from  6  inches  to  a  foot  above 
the  water  level,  shrubs  and  Sphagimm  usually  take  possession.  When 
the  accumulation  has  reached  a  depth  of  a  few  inches  more,  trees 
become  the  dominant  plants.  With  their  appearance  the  peat  prac- 
tically ceases  to  increase  in  depth  unless  there  is  an  elevation  of  the 
water  level.  The  chief  points  to  be  noted  are:  (1)  That  peat  which 
has  been  formed  in  basins  is  largely  built  up  by  aquatic  plants;  (2) 
that  the  vertical  range  of  the  growth  of  such  plants  is  from  the  surface 
to  a  depth  rarely  exceeding  15  feet,  at  which  depth  the  formation 
of  peat  by  plants  attached  to  the  bottom  practically  ceases.  Peat 
of  greater  depth  than  this  below  a  water  level  that  has  been  constant 
since  the  filUng  began  is  generally  made  up  of  the  remains  of  floating 
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organisms  mixed  mth  fm«  organic  wad  mineral  silt  a&d  other  mineral 
matter  brought  in  by  streamS;  etc. 

These  facts  have  a  de&iite  bearing  on  oommercial  exploitation  in 
that  they  point  out  the  limits  of  depth  at  which  certain  kinds  of  peat 
may  be  expected  to  occur  in  iilled  basins.  Since  water  retards  de- 
composition and  carbonization ;  the  peat  found  below  the  water  level 
in  basins  will  be  only  sUghtly  decomposed  although  usually  tiioroughly 
disintegrated. 

PBAT  FORMATION  ON  POOBLY  DRAINED,  FLAT-LAND  ST7BFACES. 

DRAINAGE   CONDITIONS.  I 

A  consideration  of  the  accumulation  of  peat  on  moist,  or  wet, 
pooriy  drained  land  surfaces^  whether  these  are  without  inclination 
or  slo{Hng,  will  involve  the  saone  laws  of  plant  growth  as  in  the  pre- 
ceding discussion.  Peat  will  form  wherever  plants  will  grow,  pro- 
vided that  the  organic  matter  is  kept  constantly  saturated  with  water. 

Included  as  flat  ai*eas  in  this  discussion  are  plains,  plateaus,  lake 
and  stream  terraces,  valley  floors,  deltas^  flood  plains,  and  other  types 
of  land  surface,  which  are  too  young,  too  flat,  or  too  frequently  cov- 
ered by  water  to  be  well  drained,  and  on  which,  therefore,  the  water 
level  for  the  greater  part  of  the  time  is  at  or  near  the  surface,  the  soil 
below  being  saturated.  On  such  surfaces  the  conditions  of  peat  ac- 
cumulation are  manifestly  different  from  those  already  discussed 
in  that  the  level  of  the  water  is  below  the  surface,  or,  at  most,  only 
slightly  above  it.  This  at  once  eUminates  all  of  the  kinds  of  plants 
enumerated  above  except  those  of  the  very  shallow  water  or  the  wet 
shore. 

VBGETATION  AND  VEGETABLE  DEPOSITS. 

The  plant  types  most  commonly  found  in  the  kind  of  places  under 
consideration  are  grasslike  in  form.  They  have  long,  slender  leaves 
and  weak  aerial  stems  that  die  down  to  the  ground  or  perish  wholly 
at  the  end  of  the  growing  season.  Many  of  them,  however,  have 
horizontal  underground  stems  that  persist  through  several  years; 
from  these  grow  great  numbers  of  long,  threadlike,  much-branched 
roots  that  penetrate  the  soil  for  considerable  distances.  Sedges, 
grasses,  rushes,  bulrushes,  and  cat-tail  flags  illustrate  this  type  of 
vegetation.  The  whole  group  may  be  called  turf-forming  plants, 
since  the  undei^round  stems  of  individuals  of  many  of  the  species 
spread  out  horizontally  in  all  directions  and  soon  become  interwoven 
and  bound  together  by  the  numerous  roots  to  form  a  compact,  tough 
mat  of  vegetable  matter.  To  this  the  growth  of  each  succeeding  year 
adds  material,  and  after  a  time  it  may  be  stripped  from  the  underly- 
ing soil  without  breaking. 
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The  atrial  parts  <rf  the  plants,  f  aUixig  to  the  ground  *t  the  end  of 
the  growii^  season  first  form  a  covering  for,  and  later,  by  the  proc- 
esses of  decay,  are  added  to  the  top  layers  of  the  soil  and  become 
inco^>or&ted  in  the  ttirf . 

If  «t  poorly  drained,  wet  area  of  mmeral  soil  is  freshly  exposed  to 
the  ordinary  influences  of  the  climate  of  the  region  in  which  it  lies, 
the  usual  results  are  that  the  seeds  of  many  kinds  of  plants  fall  upon 
it,  through  various  agencies  of  seed  dispersal^  that  some  of  these  seeds 
germinate;  and  that  99me  of  the  seedlings  reach  maturity.  Plants 
of  such  origin  vary  largely  in  their  power  to  adapt  themsdves  to  the 
conditions  of  gn>wth  that  surround  them  in  the  new  environment; 
some  will  persist  and  others  utterly  fail  to  establish  themselves. 

Those  that  establish  themselves,  however,  almost  immediately 
begin  to  modify  tJie  soil  conditions  (1)  by  hindering  evaporation 
from  the  ground  surface  and  (2)  by  checking  the  run-off  of  the  sur- 
face waters,  which  are  thus  held  back  in  their  passage  over  the  area, 
and  consequently  rise  to  a  liigher  level  than  before  the  plants  ap- 
peared. The  increased  wetness  is  unfavorable  to  many  kinds  of 
plants  which  may  appear  on  such  land,  and  they  disappear  from  the 
area  more  or  less  promptly,  according  to  their  tolerance  to  excess  of 
water  in  the  soil.  • 

Af  t^:  a  time,  which  varies  according  to  the  existing  conditions  in  a 
given  locality,  but  especially  according  to  the  level  permanently 
reached  by  the  ground  water  at  the  end  of  any  period  of  plant  occu- 
pation, the  area  will  be  covered  by  a  definite  group  of  plants,  which 
even  casual  examination  wiQ  show  to  be  made  up  of  large  numbers 
of  individuals  of  a  much  smaller  number  of  species.  Under  the 
supposed  conditions,  peat  formation  begins  soon  after  the  estab- 
Ushment  of  plant  associations  that  permanently  cover  the  ground, 
provided  that  the  water  level  remains  high  enough  in  the  ground  to 
prevent  the  complete  decomposition  and  disintegration  of  the  debris 
residting  from  the  growth  and  death  of  the  plants  constituting  the 
associations. 

The  commencement  of  peat  formation  introduces  still  other  com- 
plications into  the  conditions  that  vegatation  must  mee1>  in  order  to 
maintain  itself,  because  the  structure,  texture,  and  composition  of 
the  soil  are  changed,  its  wetness  increased,  and  certain  products  of 
growth  and  decay  that  are  ^jurious  or  even  poisonous  to  some  kinds 
of  plants  are  introduced  into  it.  The  soil  water  is  increased  because 
the  decajdng  vegetable  matter  and  the  peat  act  like  a  sponge — ^holding 
the  water  absorbed  by  them.  Tliey  also  clog  up  small  drainage 
channels  and  thus  hinder  the  run-off  of  meteoric  water  falling  on  the 
surface.  The  substratum  in  which  the  plants  must  grow  becomes 
fibrous;  it  also  becomes  poor  in  miueral  matter  and  in  available 
necessary  gases  and,  sometimes,  rich  in  toxic  matter. 
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After  a  time,  however,  the  period  of  adjustment  is  completed  and 
a  state  of  stability  is  reached;  then  the  plants  fitted  to  thrive  in  or 
endure  the  environment  offered  are  able  to  establish  permanent 
associations.  Following  the  state  of  stability,  if  other  factors  of 
plant  growth  remain  unchanged,  the  development  of  the  peat  may 
go  on  rapidly;  this  in  turn  may  check  the  outflow  of  water  from  the 
area.  Hence,  as  the  deposit  is  built  up,  the  water  level  may  rise  and 
maintain  a  nearly  constant  relation  to  the  surface.  The  invasion  of 
new  kinds  of  plants  is  thus  prevented  and  the  peat  may  accumulate 
to  the  depth  of  many  feet,  as  the  result  of  the  growth  of  plants  of  the 
same  type,  associated  much  as  they  were  in  the  early  stages  of  peat 
formation. 

RELATIVE    IMPORTANCE   OP  DIFFERENT   TYPES  OF  PLANTS. 

Although  the  herbaceous  types  of  plants  assumed  to  take  possession 
of  the  wet  area  in  the  foregoing  discussion  are  those  wliich  are  most 
frequently  found  in  such  places,  it  is  evident  that  they  are  not  the 
only  ones  which  may  become  dominant.  If  the  average  water 
level  on  the  area  were  from  the  first  sufficiently  far  below  the  surface, 
woody  plants  (shrubs  and  trees)  instead  of  the  kinds  described 
would  form  the  permanent  plstht  covering.  Such  a  plant  association 
would  imply  better  aeration  of  the  soil  than  would  herbs.  It  would 
also  involve  more  complete  decomposition  and  carbonization  of  the 
finer  vegetable  structures  that  reached  the  ground,  and  hence  the 
accumulation  of  a  darker  colored  and  less  fibrous  peat.  This,  how- 
ever, would  usually  contain  considerable  quantities  of  partly  decom- 
posed wood. 

The  formation  of  peat  by  woody  plants  seems  to  be  more  frequent 
in  southern  than  in  northern  parts  of  the  United  States.  This  con- 
dition may  be  attributed  to  the  greater  rapidity  with  wliich  the 
water  level  is  lowered  in  tlie  warmer  cUmate  of  the  south  by  evapo- 
ration and  run-off  as  weU  as  to  differences  in  the  texture  of  the  origi- 
nal mineral  soils,  owing  to  differences  in  origin. 

It  is  also  possible,  where  the  air  is  very  humid,  as  in  places  near  sea 
level  and  close  to  the  margin  of  the  ocean,  that  some  of  the  lower  types 
of  plants,  such  as  mosses,  will  become  the  most  important  members 
of  the  group  of  plants  growing  on  the  area,  and  may  form  peat  beds 
of  considerable  depth  and  extent.  The  best  illustrations  of  this 
type  of  peat  bog  occur  in  the  extreme  northeastern  part  of  the 
region  under  consideration,  in  eas'tem  Maine,  where  beds  of  peat 
bmlt  up  to  more  than  20  feet  in  thickness,  chiefly  by  Sphagnum,  are 
not  uncommon. 
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SIGNIFICANCE   OF  THE  TYPES   OF  PEAT  STRUCTURE. 

When  the  growth  of  the  peat  is  not  accompanied  with  a  corre- 
sponding rise  of  water  level,  there  will  clearly  be  a  change  in  the  plant 
associations  and  in  the  types  of  plants  growing  on  the  surface  as  this 
is  built  up  above  water  level  and  the  drainage  improves.  The  record 
of  such  changes  in  the  character  of  the  vegetation  will  be  preserved 
in  the  peat  beds.  These  will  be  irregular  in  structure,  and,  if  mature 
enough,  the  upper  layers  will  be  more  thoroughly  decomposed  than 
any  of  the  others,  since  they  will  be  most  completely  aerated. 

Such  beds  will  normally  increase  in  depth  imtil  the  surface  gets 
so  far  above  the  water  level  that  wasting  goes  on  as  fast  as  deposition; 
then,  unless  some  change  in  the  supply  of  water  occurs,  no  more 
peat  will  be  formed.  If,  however,  for  any  reason,  such  as  increased 
rainfall  or  obstruction  of  the  drainage  by  fallen  timber,  the  ground- 
water level  rises  again,  a  new  period  of  peat  accumulation  begins, 
and  the  structure  of  the  peat  deposited  is  changed  according  to  the 
type  of  plants  that  the  new  conditions  establish.  Hence,  beds  df 
peat  built  up  under  such  conditions  show  heterogeneous  structure 
in  which  the  changes  in  the  water  level  are  recorded  in  variations  in 
the  kind  as  well  as  in  the  degree  of  preservation  of  the  vegetable 
matter  laid  down  and  preserved. 

If  it  be  assumed  that  the  remains  of  trees  and  other  woody  plants 
indicate  the  lowest  level  of  the  soil  water  possible  for  peat  formation, 
a  number  of  woody  layers  in  a  given  bed  of  peat  indicates  an  equal 
number  of  approaches  to  this  maximum  unfavorable  stage.  Also, 
beds  of  moss  and  shrub  remains  usually  indicate  less  favorable  con- 
ditions than  do  beds  of  grassUke  plants. 

PBAT  FOBHATIOK  ON  BUBSIDIKa  COASTAL  ABBAS. 

It  may  be  considered  demonstrated  from  the  foregoing  that  the 
remains  of  plants,  preserved  as  they  grew  but  below  that  level  of  the 
water  at  which  the  species  can  live  and  grow,  indicate  with  certainty 
either  that  the  water  level  has  risen  since  they  were  alive  or  that 
the  land  surface  below  the  deposit  has  sunk. 

If  the  given  area  is  near  the  continental  margin,  and  the  groimd- 
water  level  is  affected  by  the  sea  water,  significant  changes  of  level 
may  often  be  attributed  to  movements  of  the  ocean  bottom  and  the 
adjacent  land.  The  evidences  of  the  operation  of  such  a  cause  are 
very  clear  when  remains  of  plants,  to  which  even  a  small  amount  of 
salt  water  is  known  to  be  fatal,  are  found  submerged  below  the  sea. 
In  many  localities  stumps  and  roots  of  trees,  associated  with  deposits 
of  peat  built  up  by  fresh-water  plants,  are  now  buried  below  sea 
level  by  later  salt-water  deposits,  and  some  such  remains  are  even 
found  in  the  seaward  side  of  the  present  ocean  beach. 
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With  the  assumption  that  the  existence  of  such  conditions  shows 
that  at  least  portions  of  the  coastal  plain  have  actually  simk,  the 
effects  of  such  subsidence  on  the  formation  of  peat  may  be  consid- 
ered. The  first  effects  of  the  subsidence  will  be  to  modify  the  drain- 
age of  the  region  in  which  it  is  taking  place  by  checking  the  outflow 
of  water  from  the  mouths  of  the  valleys  that  reach  to  or  below  sea 
level.  This  stoppage  will  increase  the  wetness  of  the  wet  parts  of 
the  region  of  subsidence  by  so  much  as  the  water  is  held  back  upon 
them  by  the  inflowing  tidal  waters.  After  a  time  a  reaction  of  this 
increase  of  water  in  the  soil  upon  the  vegetation  should  be  evident 
and  should  be  recorded  in  contemporary  peat  beds.  If  the  subsid- 
ence is  rapid  enough  to  cause  the  water  level  to  rise  faster  than 
peat  is  formed,  the  character  of  the  vegetation  preserved  in  the  peat 
should  vary  to  show  this  condition;  more  aquatic  forms  should 
appear  in  the  upper  than  in  the  lower  layers.  When  the  rate  of 
growth  more  nearly  equals  that  of  subsidence,  the  resulting  peat 
should  be  more  uniform  in  structure;  the  principal  apparent  changes 
should  be  those  marking  the  transition  from  fresh  to  salt  water  con- 
ditions when  the  tide  finally  overflows  the  area  of  peat  deposition. 
However,  no  sharp  line  of  division  may  exist,  since  under  the  as- 
sumed conditions  there  may  be  a  considerable  deposit  of  the  remains 
of  plants  that  tolerate  brackish  water.  The  more  durable  parts  of 
these  are  very  similar  in  structure  and  appearance  to  those  of  species 
growing  only  in  fresh  water. 

If  the  rate  of  the  subsidence  exactly  equals  that  of  the  growth  of 
the  peat,  the  same  kinds  of  plants  should  theoretically  continue  in- 
definitely to  form  the  bulk  of  the  peat.  Actually,  however,  because  of 
erosion  and  the  effects  of  storms,  after  the  surface  of  the  peat  has 
been  brought  near  the  high-tide  level,  salt  water  is  Ukely  to  cover  it 
with  increasing  frequency  during  storms  and  spring  tides,  so  that 
salt-marsh  conditions  gradually  develop. 

SALT-MABSH   PEAT. 

Salt-marsh  peat  deposits  and  those  made  in  areas  overflowed  by 
salt  water  are  generally  at  once  distinguishable  from  those  formed 
under  usual  fresh-water  conditions.  The  former  contain  a  large 
amount  of  finely  divided  mineral  matter,  usually  suflicient  to  give 
them  a  noticeably  grayish  color  when  dry,  and  gritty  feel  when 
crushed  between  the  teeth.  On  parts  of  the  ocean  shores  exposed  to 
strong  wave  and  current  action,  the  mineral  matter  is  gathered  up 
by  the  sea  water  from  the  shallows  and  settles  on  the  areas  of  over- 
flow,  whereveT*  the  motion  of  the  water  is  arrested. 
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BELATION   OF  FOBMATION  TO   TmAL  LEVEL. 

It  may  be  said  at  this  point  that  but  little  vegetable  matter  accu- 
mulates between  the  average  low  and  high  tide  marks.  This  is  due 
partly  to  the  constant  motion  of  the  water  and  partly  to  the  very 
sparse  vegetation  between  the  zone  near  low  water  where  the  common 
eel  grass  Uves,  and  that  of  the  surface  of  the  salt  marshes  on  which  salt 
water  stands  only  during  the  high  tides.  If  peat  occurs  between 
these,  it  must  have  been  formed  by  plants  growing  at  or  above  the 
usual  level  of  the  tides,  and  must  indicate  subsidence  to  the  extent 
of  its  thickness,  or  more,  if  the  structure  of  the  peat  is  such  as  to 
indicate  fresh-water  origin.  If  then  the  section  of  a  bed  of  peat 
in  a  salt  marsh  shows  that  it  has  been  built  up  to  a  thickness  of  several 
feet  by  plants  such  as  are  now  found  on  the  surface  of  the  marsh 
at  or  slightly  above  the  average  high-tide  level,  the  formation  of  the 
material  has  evidently  gone  on  at  that  level,  and  on  a  substratum 
that  was  subsiding  at  the  same  rate  as  the  upbuilding  which  gave 
conditions  of  plant  growth  that  were  the  same  throughout  the  whole 
period.  If  plant  d6bris  had  accumulated  faster  than  the  bottom  sub- 
sided, fresh-water  plants  would  have  supplanted  the  salt-marsh  flora 
as  soon  as  the  surface  strata  had  been  built  above  the  tide;  if  the 
bottom  had  sunk  faster  than  the  rate  of  upbuilding,  plant  remains 
would  have  given  place  to  mud  and  silt. 

By  a  similar  consideration  of  the  possible  conditions  surrounding 
the  growth  of  plants  at  and  near  the  high- tide  level,  it  will  be  possible  to 
obtain  records  of  irregular  periods  of  subsidence,  and  of  sUght  oscilla- 
tions of  the  plain  forming  the  continental  margin.  These  periods 
affect  the  quantity  and  quaUty  of  the  peat  formations  in  the  region 
in  proportion  to  the  length  of  time  which  they  continue.  In  some 
observed  cases  where  salt  marshes  have  protecting  beaches  between 
them  and  the  sea,  the  destruction  of  the  barrier  may  permit  freer  inflow 
of  the  tides  and  suddenly  modify  the  peat-forming  flora.  Such  effects, 
however,  would  be  small  in  character  and  extent  in  relation  to  the 
whole  coast  and  would  not  cover  very  wide  areas  nor  considerable 
depths. 

ECONOMIC   VALUE   OF   SALT-BfABSH   PEAT. 

Economic  importance  attaches  to  the  invasion  of  salt  waters, 
heavily  laden  with  silty  mineral  matter,  into  areas  in  which  ordinary 
peat  has  been  formed.  The  peat  that  is  developed  after  the  salt- 
marsh  plants  appear  is  usually  too  high  in  ash  to  make  satisfactory 
fuel.  In  general  the  beds  of  peat  resulting  from  salt-marsh  condi- 
tions, as  outlined  above,  can  have  only  local  use  and  will  furnish  very 
low-grade  fuel.    They  may  probably  be  used  as  sources  of  power  gas, 
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although  even  for  such  use  trouble  is  likely  to  occur  from  the  high  ash 
content  and  the  fusion  of  the  mineral  matter  into  slag  and  clinker  in 
the  gas  producers. 

PBAT  FORMATION  ABOVE  FILLED  DEPBESSIONS. 

The  plains  formed  by  bogs  filling  depressions  are  often  so  wet  that 
peat  formation  continues  above  the  original  level  of  the  water  in  the 
depression.  In  such  places  the  plant  associations  establish  them- 
selves in  accordance  with  the  laws  which  have  already  been  discussed. 
The  ones  best  adapted  to  the  existing  environment  invade  and  hold 
the  area  as  long  as  conditions  remain  suitable  for  them,  and  peat  for- 
mation goes  on  until  the  water  no  longer  rises  sufficiently  to  prevent 
desiccation  and  oxidation  of  the  plant  debris  as  it  accumulates. 

The  effects  of  prolonged  drought  upon  peat  formation  in  such 
places  are  the  same  as  in  other  situations,  and  are  such  as  follow  the 
lowering  of  the  water  level  and  the  penetration  of  the  air  into  the 
accumulated  vegetable  matter.  These  two  factors  permit  the  en- 
trance of  organisms  producing  decay  which,  with  the  air,  disintegrate 
and  blacken,  or  carbonize,  peat,  reduce  its  bulk  and  lower  its  surface. 
This  is  particularly  true  around  the  margins  of  the  swamps  where  the 
peat  is  already  thin  and  the  drying  most  severe;  in  such  places  there 
is  often  a  well-defined  depression  resulting  from  the  alternating  rise 
and  fall  of  the  water  level  due  to  seasonal  and  periodic  fluctuations 
of  rainfall  and  evaporation. 

In  any  peat  deposit,  blackened,  thoroughly  decomposed  layers, 
either  with  or  without  woody  matter,  may  be  taken  to  indicate  a 
period  of  low-water  level  or  drought.  If  such  layers  recur  at  various 
levels  they  show  that  the  conditions  have  been  repeated  from  time  to 
time  in  the  history  of  the  deposit. 

On  the  other  hand,  periods  of  unusual  precipitation  and  moisture 
may  be  recorded  in  peat  beds  by  poorly  decomposed  and  fibrous 
strata  of  plant  remains,  or,  if  long  continued  so  that  the  water  per- 
manently rises,  by  an  entire  change  in  the  kind  of  material  present 
in  the  contemporaneous  strata. 

LATEBAL  OBOWTH  OF  PEAT  BEDS. 

Incidental  to  the  growth  of  peat,  there  may  be  so  much  inter- 
ference with  the  drainage  that  swamp  conditions  may  spread  laterally 
and  cover  with  peat  a  part  or  all  of  the  plain  smrounding  the  depres- 
sion, or  they  may  even  push  up  well-defined  slopes  where  climatic 
conditions  are  especially  favorable  for  the  formation  of  peat.  Dis- 
cussing the  possibilities  still  further,  it  may  be  said  that  on  very 
broad,  flat  plains  or  on  gentle  slopes,  in  regions  of  heavy  rainfall  and 
high  atmospheric  humidity,  the  lateral  spread  of  the  peat,  as  a  swamp 
increases  in  diameter,  will  at  length  react  on  the  vegetation  of  the 
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most  poorly  drained  part  because  in  that  place  the  water  level  will 
rise  in  proportion  as  the  water  fails  to  drain  away.  This  rise  in 
water  level  will  make  conditions  less  favorable  for  plant  growth,  and 
peat  will  not  accumulate  as  fast  as  in  the  surrounding  areas,  and  thus 
a  pond  may  be  formed.  Later,  since  the  accumulated  water  in  such 
places  is  usually  very  dark  colored  and  only  slightly  transparent,  thus 
preventing  the  growth  of  aquatic  plants  below  its  surface,  the  area 
covered  by  water  will  increase  as  the  peat  is  built  up  around  the 
margin. 

Such  ponds  should  not  be  confused  with  the  many  small,  deep 
tarns  in  the  middle  of  small  swamps  and  peat  bogs,  as  these  are 
manifestly  the  open  water  in  the  unfiUed  part  of  a  depression.  In  the 
former  type  the  water  in  the  lake  will  be  no  deeper  than  the  peat 
surrounding  it,  if  it  is  as  deep,  whereas  in  the  latter  it  may  be  much 
deeper. 

BATE  OF  PEAT  FORMATION. 

No  data  of  value  relative  to  the  rate  at  which  peat  is  formed  in  the 
United  States  have  been  obtained,  but  there  are  indications  that 
the  rate  varies  greatly  even  in  the  same  locality. 

OENEBAL  CONCLTTSIONS  BBLATIVB  TO  THE  FOBMATION  OF  PEAT. 

Many  factors  may  operate  to  change  the  character  of  the  dominant 
types  of  vegetation  from  which  peat  beds  may  originate.  These  fac- 
tors may  also  affect  the  resulting  peat,  under  the  varying  conditions 
of  climate  existing  over  the  great  areas  of  the  United  States  in  which 
peat  may  be  found.  The  resulting  material  must  evidently  vary 
quite  as  much  from  the  operation  of  external  causes  as  from  the  form 
of  the  land  surface  upon  which  it  is  built  up. 

This  fact  emphasizes  the  necessity  of  considering  in  detail  the 
possibiUties  of  origin  of  the  substance  in  any  given  deposit  before 
deciding  to  use  it  for  any  given  purpose,  in  order  to  find  how  much 
of  the  entire  amount  is  available  for  the  desired  use. 

PBACTICAL  APPLICATION  OF  THE  PBINCIPLES  OF  PEAT  FOBMA- 

TION. 

Aside  from  the  purely  scientific  interest  attaching  to  the  study 
of  the  origin  of  peat  is  the  consideration  of  the  practical  and  eco- 
nomic utilization  of  individual  deposits.  In  fact,  only  by  knowing 
under  what  general  laws  the  substance  is  developed  can  statement 
be  made  as  to  whether  a  given  deposit  of  peat  can  be  used  profitably 
for  certain  special  purposes.  To  illustrate,  after  brief  preliminary 
tests,  with  a  properly  constructed  sampling  tool,  the  laws  governing 
the  accumulation  of  peat  can  be  applied  to  any  bog  with  sufficient 
precision  to  determine  to  which  general  class  it  belongs,  and  whether 
it  may  be  drained  to  the  bottom. 
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Filled  depressions  can  not  be  drained  lower  than  the  bottom  of  the 
existing  outlet,  except  at  great  expense,  or  under  very  unusual 
conditionsi  so  that  any  peat  deposit  of  this  type  can  be  more  cheaply 
worked  without  attempting  drainage. 

Where  the  structure  of  the  peat,  as  determined  by  preliminary  tests, 
shows  that  it  has  been  built  up  layer  upon  layer,  on  a  flat  area,  it  can 
manifestly  be  drained  to  the,  very  bottom  of  the  deposit,  and  by 
beginning  at  the  outlet,  or  lower  end,  can  be  drained  by  easy  stages, 
as  utilization  progresses. 

Application  of  the  same  laws  to  the  structure  of  bogs  will  demon- 
strate that  the  peat  of  mature  bogs  in  filled  depressions  is  never  of  the 
same  structure  from  top  to  bottom,  since  it  has  been  formed  by  plants 
growing  partly  below  and  partly  above  water  level.  Moreover,  the 
lower  strata  of  the  peat  are  of  much  greater  fineness  than  the  upper  and 
are  almost,  if  not  quite,  free  from  fibrous  matter  of  all  sorts,  and  are 
not  adapted  for  any  use  requiring  a  large  proportion  of  fiber.  The 
latter  will  be  found  only  in  that  part  of  the  peat  formed  above,  or 
immediately  below,  the  water  level,  and  will  be  at  most  only  a  few 
feet  thick. 

On  the  other  hand,  built-up  bogs  may  be  composed  of  the  same 
sort  of  material  for  the  greater  part  of  their  thickness,  since  the 
ground  water  level  of  the  deposit  may  always  have  been  in  a  defiuoite 
relation  to  the  surface  of  the  peat.  It  is  generally  true  that  such 
bogs  rarely  exceed  15  feet  in  depth  even  when  they  cover  very  wide 
areas,  and  they  are  much  more  likely  to  include  woody  layers  con- 
taining stumps  and  roots  of  trees  than  those  of  the  other  type. 

The  same  general  statements  are  apphcable  to  deposits  formed  by 
the  subsidence -of  the  bottom  on  which  they  are  built,  with  the 
additional  assertion  that  such  deposits  contain  a  large  percentage 
of  silt  where  they  he  below  tide  level,  and  hence  are  of  low  fuel  value. 
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RELATED  TO  ITS  FUEL  VALUE. 

PHYSICAL  PBOPBBTIB8. 

Peat  as  it  is  found  in  undrained  bogs  is  a  mixture  of  water  and  of 
partly  decayed  and  disintegrated  vegetable  matter  of  varied  origin. 
The  amount  of  water  present  is  generally  sufficient  to  saturate  or 
supersaturate  the  vegetable  material  and  constitutes  from  85  to  95 
per  cent  or  even  more  of  the  weight  of  the  mixture. 

Even  in  drained  bogs  a  short  distance  away  from  the  ditches  the 
water  content  seldom  falls  below  80  per  cent,  as  the  rain  falling  on 
the  surface  is  quickly  absorbed  by  the  mass  of  the  peat,  through 
which  it  drains  very  slowly.  The  slow  movement  of  water  to  the 
ditches  in  peat  beds  is  shown  by  the  fact  that  for  a  considerable 
distance  above  the  water  level  in  the  ditches,  or  even  when  no  water 
is  standing  in  them,  water  can  usually  be  squeezed  from  the  material 
taken  from  their  waUs. 

Aside  from  this  generally  high  water  content,  peat  is  exceedingly 
variable,  so  that  scarcely  any  two  deposits  contain  material  which 
is  exactly  similar  in  all  of  its  physical  properties.  These  properties 
also  normally  vary  in  peat  from  different  regions.  Material  from  the 
north  may  be  quite  dissimilar  in  appearance  and  other  physical 
properties  from  that  farther  south,  east,  or  west,  because  not  only 
are  the  kinds  of  plants  from  which  it  was  derived  different,  but  also 
the  climatic  effects  on  their  accumulated  remains  during  deposition. 
It  also  must  be  apparent  from  the  discussion  of  the  ways  in  which 
peat  is  formed,  that  peat  in  bogs  of  distinct  types  in  the  same  region 
must  differ  physically  because  the  conditions  of  accumulation  and 
the  original  vegetable  matter  must  be  different.  Considering  the 
matter  still  further,  it  may  be  shown  that  the  upper  layers  of  peat  in  a 
given  deposit  are  often  distinct  in  many  of  their  properties  from 
those  below  them,  and  in  the  bogs  that  fill  depressions  are  prac- 
tically always  so. 

The  considerable  variation  in  the  properties  of  peat  is  due  to 
many  causes,  the  most  important  of  which  have  been  briefly  dis- 
cussed. Although  this  variability  is  unimportant  to  those  who 
propose  to  prepare  peat  for  fuel  by  any  of  the  simpler  methods,  it 
must  be  carefuUy  considered  by  all  who  intend  to  use  the  material 
for  special  purposes  or  processes  because  of  the  relatively  small 
quantity  of  the  required  kind  of  material  that  may  be  foimd  in  a 
given  peat  deposit.  Not  only  must  the  limited  quantity  be  taken 
into  account,  but  when  fiber  or  similar  material  is  sought  for  the 
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manufacture  of  certain  kinds  of  products  there  must  be  considered, 
also,  the  quantity  and  probable  condition  of  the  fiber  and  the  pro- 
portion thereof  that  can  be  used  as  compared  with  the  material 
to  be  excavated  and  handled  to  recover  the  usable  part.  By  no 
means  of  least  importance,  also,  is  the  cost  of  production  and  the 
value  of  the  final  product  when  compared  with  that  obtained  from 
other  substances  already  in  use. 

COLOR. 

In  color  peat  ranges  from  light-yellowish  or  straw  tints  through 
various  shades  of  yellowish  brown,  reddish  brown,  and  dark  brown  to 
jet  black.  All  of  these  colors  are  darker  when  the  peat  is  wet,  but  the 
lighter  shades  usually  change  to  black  or  dark  brown  after  the  peat 
is  macerated  and  exposed  to  the  air.  The  color  sometimes  darkens 
immediately  after  the  freshly  cut  sample  comes  in  contact  with  the 
air  and  before  it  dries  to  any  appreciable  extent. 

In  general,  the  top  strata  of  a  given  deposit  that  has  a  low  water 
level  wiU  be  black  or  darl^  colored,  whereas  those  below  the  water  level 
will  be  lighter  in  color,  but  in  a  built-up  deposit  there  may  be  dark- 
colored  strata  interbedded  with  or  lying  below  lighter  ones. 

It  is  seemingly  true  that  all  beds  of  peat  to  which  the  air  has  had 
access  have  been  blackened  or  at  least  darkened  in  color,  and  it  is 
only  in  such  beds  as  have  been  dried  out  to  the  bottom  and  thoroughly 
aerated  that  a  progressive  darkening  from  the  top  to  the  bottom  is 
found.  The  blackening  is  due  to  the  oxidizing  of  the  more  complex 
organic  compounds  to  simpler  ones  and  the  liberation  of  certain  gaseous 
constituents  of  the  vegetable  matter,  largely  by  biochemical  activities 
of  low  organisms,  chiefly  plants.  The  oxidation  tends  to  concentrate 
the  carbon  of  the  plant  debris  in  its  simpler  dark-colored  or  black 
compounds,  which  give  the  color  to  the  resulting  mass. 

Peat  that  is  greenish  when  wet  or  that  is  gray,  rusty,  or  spotted  with 
white  when  dry,  or  that  is  unduly  heavy,  owes  these  characteristics  to 
the  presence  of  mineral  matter  and  is  probably  unsuited  for  fuel  for 
ordinary  purposes.  Rarely,  however,  do  appearance  and  color  of  peat, 
even  in  the  dry  state,  indicate  whether  or  not  it  contains  mineral  mat- 
ter enough  to  render  it  useless,  except  when  silt  and  sand  grains  are 
present  in  sufficient  numbers  to  be  seen  on  close  inspection  of  the  dry 
sample.  Such  material  should  be  looked  upon  with  suspicion  and 
carefully  tested  before  using.  A  report  from  Mexico,  where  fuel  is 
high  priced,  states  that  peat  that  has  been  washed  to  free  it  from 
sand  is  marketed  with  profit. 

TEXTURE. 

The  texture  naturally  depends  upon  the  kinds  of  plants  from  which 
the  peat  is  formed  and  the  conditions  under  which  their  remains  have 
accmnulated.  If  the  original  vegetation  was  largely  trees  and  shrubs 
growing  slightly  above  the  level  of  the  water,  the  peat  is  woody.    If 
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the  growing  plants  were  of  grass-like  structure  with  tough,  fibrous 
leaves,  stems,  and  roots  built  into  a  compact  turf  near  the  water  level, 
the  peat  derived  from  them  is  fibrous  and  generally  poorly  decomposed. 
If  such  materials  have  accimiulated  much  above  the  preserving  eft'ect 
of  the  water,  the  fibrous  structure  may  be  lost  and  the  whole  be  uni- 
formly of  fine  grain.  Grasd  and  sedge  peat,  in  shallow  deposits  in  those 
parts  of  the  country  where  there  are  prolonged  siunmer  droughts, 
are  often  so  thoroughly  decomposed  as  to  be  almost  without  fibrous 
matter,  except  such  as  is  furnished  by  the  roots  of  plants  growing 
upon  the  surface  of  the  bog. 

Mosses,  including  Sphagnum,  the  so-called  peat  moss,  are  with- 
out fibrous  tissues  of  any  sort,  although  their  stems  are  somewhat 
*  durable  under  ordinary  bog  conditions,  so  that  true  moss  peat,  even 
when  poorly  decomposed,  does  not  furnish  fibrous  material.  Peat 
of  this  sort  is  of  rare  occurrence,  however,  and  the  mixed  moss  and 
sedge  peat  of  the  northern  and  northeastern  parts  of  the  United 
States  often  has  considerable  tough,  fibrous  matter  derived  from 
cotton  grasses,  EriopTiorum,  and  other  sedges. 

The  water  plants,  because  of  their  lack  of  fibrous  and  durable  tissues 
and  of  the  conditions  under  which  they  grow  and  decay,  form  a 
structureless,  cheesy  substance,  lacking  both  wood  and  fiber,  except 
where  there  is  an  admixture  of  drift  material  from  land  plants,  as 
sometimes  happens.  The  bottom  layers  of  filled  bogs,  therefore,  are 
made  up  of  soft,  oozy  peat,  and  are  worthless  as  sources  of  fiber  for 
any  pmpose,  but,  conversely,  may  make  better  fuel  than  more  fibrous 
types. 

It  is  apparent,  then,  that  the  texture  and  imiformity  of  peat  in  a 
given  deposit  depend  upon  (1)  the  kind  of  bog,  whether  filled  or 
built  up;  (2)  the  general  types  of  plants  whose  remains  have  been  in- 
corporated in  the  peat;  (3)  the  completeness  of  their  disintegration, 
which  is  in  large  measure  controlled  by  the  position  of  the  ground- 
water level  relative  to  the  surface  during  the  formation  of  the  deposit. 
The  disintegration  is  indicated  in  general  by  the  shade  of  coloration, 
the  more  thoroughly  disintegrated  material  being  the  darker. 

Variability  in  the  texture  of  peat,  as  has  been  indicated  elsewhere, 
is  the  rule,  even  in  parts  of  the  same  bog.  Bogs  of  very  moist  regions, 
like  those  of  the  northern  and  northeastern  parts  of  the  United  States, 
are  less  likely  to  show  large  variations  than  are  those  occurring  where 
periods  of  heavy  rainfall  alternate  with  droughts.  In  the  latter  regions 
there  are  frequent  changes  in  the  conditions  of  growth  of  the  vege- 
tation, and  in  the  conditions  attendant  upon  the  decay  of  the  result- 
ing collections  of  debris.  Thus  the  peat  beds  of  the  South  and  the 
Middle  West,  having  been  formed  under  the  last-named  conditions, 
are  Ukely  to  be  more  woody  and  less  fibrous,  as  well  as  much  more 
thoroughly  decomposed,  than  those  of  similar  types  found  elsewhere 
in  this  coimtry. 
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COMPOSITION. 

For  purposes  of  this  discussion,  the  solid  material  found  in  peat 
beds  may  be  considered  as  regards  origin  to  be  of  two  sorts — organic 
and  inorganic.  The  first  includes  such  material  as  has  been  accumu- 
lated by  the  life  processes  of  plant  and  animal  organisms,  the  second 
includes  extraneous  mineral  matter  present  as  impurities  and  gener- 
ally not  directly  traceable  to  the  activities  of  organisms.  Each  of 
these  groups  may  be  subdivided  into  two  others — soluble  and  insoluble 
material.  Group  1  may  be  subdivided  still  further  into  carbonaceous 
matter  and  mineral  matter,  the  former  being  combustible  and  the 
latter  incombustible  and  constituting  the  ash-forming  substances  of 
the  peat. 

The  carbonaceous  or  combustible  portion  of  peat  is  chiefly  of  vege- 
table origin.  Doubtless,  however,  the  more  durable  parts  of  many 
small  animals,  especially  insects  and  crustaceans,  enter  into  the  com- 
position of  types  of  peat  formed  below  water  level,  and  sometimes 
may  be  present  in  sufficient  quantities  to  give  to  the  smoke  from  burn- 
ing peat  a  distinct  trace  of  the  characteristic  odor  of  burning  chitin. 

The  purely  vegetable  constituents  of  peats  are  generally  in  various 
stages  of  disintegration  and  division  as  the  result  of  chemical  decom- 
position and  physical  maceration  of  the  original  plant  tissues  from 
which  they  have  been  derived.  A  part  of  this  comminution  is  purely 
mechanical,  the  result  of  the  action  of  wind,  water,  and  other  forces 
on  the  material  before  it  reached  the  place  of  final  deposition;  some 
of  it  results  from  combined  mechanical  and  chemical  action,  and  some 
appears  to  come  from  chemical  action  of  air  and  water.  Much  of  it  is 
due  to  biochemical  agencies,  as  many  kinds  of  animals  and  of  plants, 
including  the  bacteria  and  fungi,  as  well  as  the  roots  and  other  under- 
ground organs  of  higher  plants,  play  some  part  in  the  reduction  of  the 
highly  complex  plant  material  to  the  structureless  pulp  of  well-decom- 
posed peat.  In  the  disintegration  due  to  the  chemical  agencies 
actual  changes  of  composition  occur  in  the  chemical  compounds  of  the 
plant  tissues  concerned.  A  part  of  their  constituents  form  new  and 
simpler  compounds,  some  of  which  are  soluble  and  some  are  gaseous. 
The  soluble  ones  are  taken  up  by  the  water,  to  which  they  impart  a 
distinct  color  and  often  an  acid  reaction;  the  gases  escape  into  the 
air,  either  imperceptibly  or  in  the  form  of  bubbles,  or  are  absorbed  by 
or  dissolved  in  the  water. 

As  would  be  expected,  it  seems  generally  true  that  the  herbaceous 
plants  and  the  softer  and  less  woody  parts  of  other  plants  are  most 
easily  broken  up,  and  their  fragments  enter  largely  into  the  composi- 
tion of  the  finer  matter  of  peat  beds.  On  the  other  hand,  woody  and 
fibrous  tissues  are  often  found  to  contribute  abundantly  to  such 
material,  but  some  of  the  algae  and  mosses  seem  very  little  subject  to 
disintegration,  although  of  exceedingly  dehcate  texture.    As  is  gen- 
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erally  known^  well-preserved  roots,  stumps,  and  boles  of  trees,  and,  to 
a  less  degree,  of  shrubs,  are  common  in  peat  beds.  In  all  cases,  how- 
ever, peat  that  has  been  exposed  in  a  moist  condition  to  the  air,  and 
has  been  subjected  to  the  invasion  of  the  soil  fungi  and  bacteria  and 
the  attacks  of  low  types  of  animals,  is  most  nearly  structureless;  that 
which  has  been  continuously  covered  by  or  saturated  with  water  often 
contains  very  fragile  and  delicate  plant  organs  preserved  entire. 

The  mineral  matter  that  has  been  segregated  in  peat  beds  by 
organisms  varies  greatly  in  form  and  quantity.  Of  the  total  dry 
weight,  the  purest  peat  contains  only  2  or  3  per  cent  in  the  form  of 
mineral  matter,  although  such  a  small  proportion  is  unusual,  and 
from  this  minimum  we  find  every  gradation  to  pure  mineral  soil. 
In  those  deposits  in  which  the  quantity  of  mineral  matter  is  small, 
it  has  usually  been  collected  and  deposited  by  the  plants  of  which 
the  peat  has  been  formed  and  by  the  animals  associated  Mrith  them; 
that  is,  it  is  all  of  organic  origin.  The  assumption  can  not  be  made 
without  investigation  that  where  a  large  amount  of  mineral  matter 
is  found  it  has  not  been  concentrated  by  the  same  sort  of  agents, 
because  in  limestone  regions  much  calcareous  matter  is  secreted  from 
the  ground  waters  by  water  plants  (especially  by  CJiara  and  inore 
minute  algs)  and  deposited  with  the  carbonaceous  matter,  or  in 
excess  of  it  in  some  cases.  In  addition,  many  types  of  plants  growing 
in  the  water  or  in  wet  places  deposit  considerable  quantities  of 
silica  in  their  cell  walls.  The  diatoms,  very  minute  water  plants  often 
enormously  abundant  in  lakes  and  ponds,  the  scouring  rushes  or 
horsetails,  Equisetum,  grasses  and  sedges,  and  many  of  the  higher 
plants  are  examples  of  this  type.  Many  kinds  of  plants  are  also 
known  to  collect  as  crystals  in  the  walls  and  cavities  of  their  cells 
and  tissues  more  or  less  mineral  matter  of  other  kinds  than  those 
mentioned.  Animals  contribute  bones,  teeth,  and  shells  varying 
in  size  and  composition  from  the  calcareous  bones  of  the  gigantic 
extinct  elephants,  the  mastodon  and  the  mammoth,  to  the  minute 
siliceous  shells  of  microscopic  water  animals. 

The  mineral  matter  of  peat,  which  can  not  be  considered  as  of 
organic  origin,  is  derived  from  two  principal  sources.  It  is  either 
brought  in  by  the  water  or  blown  in  from  the  siurounding  land. 
The  water-transported  material  is  carried  to  the  peat  either  in  sus- 
pension or  in  solution.  In  general,  the  amount  of  deposition  from 
suspension  is  much  greater  and  of  much  more  importance  than  that 
from  solution,  because  it  may  be  considered  to  include  not  only 
finely  divided  mineral  matter  transported  by  waves  and  currents, 
but  the  coarser  rock  fragments  floating  about  supported  by  ice 
masses.  Stones  and  pebbles,  as  well  as  the  finer  sands,  silts,  and 
muds,  are  thus  borne  into  peat  beds  and  left  at  times  of  high  water, 
and  in  all  deposits  subject  to  overflow  from  streams,  lakes,  or  the 
ocean,  a  greater  or  less  quantity  of  such  material  will  be  found. 


42  USES  OF  PEAT  FOB  FUEL  AND  OTHER  PUBPOSES. 

What  might  be  important  sources  of  fuel  supply  are  often  rendered 
unfit  for  use  for  this  purpose  by  the  great  amount  of  incombustible 
matter  brought  to  them  by  some  small  stream,  or  their  prospective 
value  is  greatly  lessened  by  the  presence  of  stones,  which  limit  the 
use  of  machinery. 

The  dissolved  mineral  substances  brought  to  peat  beds  are  of  less 
importance  than  the  kinds  considered,  but  if  they  are  sufficiently 
abundant  they  serve  as  sources  of  supply  for  their  precipitation  by 
organisms,  as  already  mentioned;  or  they  may  be  chemically  pre- 
cipitated in  the  peat  as  insoluble  substances,  or  be  concentrated  by 
the  evaporation  of  the  water  from  the  surface  of  the  peat,  and  thus 
become  important  impurities.  Iron  sulphide,  often  found  in  peat, 
is  an  example  of  a  chemically  precipitated  substance.  The  ferrous 
sulphate  and  the  salts  of  magnesium  and  calcium  which  accumulate 
in  peat  subject  to  overflow  by  spring  and  pond  waters  rich  in  mineral 
matter  or  lying  above  beds  of  marl  may  also  be  taken  as  illustrations 
of  concentration  due  to  evaporation.  Much  of  the  mineral  matter 
brought  to  peat  in  solution  is  retained  because  only  the  water  evap- 
orates, and  appears  in  the  ash  after  the  peat  is  burned;  hence  the 
peat  in  regions  where  the  ground  water  is  mineralized,  as  where 
limestone  predominates,  is  likely  to  have  more  ash  than  that  of  areas 
of  pure  water  such  as  occur  in  granitic  regions. 

The  material  brought  to  peat  beds  by  the  wind  is  chiefly  fine  dust. 
Such  material  constitutes  an  important  part  of  the  ash  in  peat  along 
the  border  of  the  great  plains  region,  but  is  practically  lacking  in 
peat  from  the  moister  parts  of  the  United  States.  Along  the  shores 
of  the  ocean  and  the  Great  Lakes,  where  bogs  are  formed  in  hollows 
between  lines  of  sand  dunes,  sand  is  often  blown  into  the  peat  during 
storms,  and  peat  deposits  of  this  type  may  contain  much  sand. 

WATER-HOLDING  CAPACrTT. 

From  what  has  already  been  said,  it  is  apparent  that  peat  has  great 
capacity  for  taking  up  and  holding  water.  In  fact,  the  bogs  of 
Europe  and  especially  of  Ireland  often  become  greatly  swollen  dur- 
ing rainy  seasons  and  sometimes  burst  and  flood  the  surrounding 
country  with  pasty  peat  and  water. 

The  water  present  in  peat  appears  to  be  held  by  the  plant  remains 
in  three  ways,  two  of  which  are  mechanical.  Of  the  mechanically 
held  water  a  part  only  is  removable  by  pressure  or  other  mechanical 
means.  Prolonged  trials  made  by  many  competent  experimenters 
show  that  only  a  relatively  small  per  cent  of  the  water  can  be  pressed 
from  peat  having  at  the  outset  90  per  cent  moisture,  that  is,  about  the 
quantity  found  in  peat  as  it  lies  in  the  bog.  The  remainder  of  the 
included  water  resists  the  greatest  obtainable  hydraulic  pressure 
and  the  best  centrifugal  machines,  and  can  be  removed  only  by 
evaporation.     If  the  quantity  present  originally  is  below  90  per  cent, 
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the  percentage  removable  by  pressure  is  correspondingly  reduced. 
In  other  words,  the  removal  of  the  water  that  can  be  pressed  from 
peat  does  not  reduce  its  water  content  much  below  70  per  cent,  and 
the  rest  can  be  driven  oflf  only  by  heat,  derived  either  from  the  sim 
and  air  or,  more  expensively,  from  an  artificial  source.  This  residual 
water  is  largely  held  in  the  cell  walls  and  the  minute  cavities  of  the 
cells  of  the  plant  remains.  It  is  clearly  not  held  in  chemical  combi- 
nation, as  it  can  be  entirely  removed  by  gentle  heat  without  destroy- 
ing the  nature  and  structure  of  the  peat.  After  drying  under  proper 
conditions^  the  peat  will  again  take  up  water  and  will  assume  its 
former  appearance  and  condition;  drying  destroys  the  cementing 
compounds  in  the  peat,  however,  and  peat  that  has  been  once  dried 
out,  even  if  again  thoroughly  wet,  will  not  make  good  machine-peat 
bricks. 

The  quantity  of  water  thus  held  in  peat  varies  somewhat,  being  less 
in  black,  thoroughly  decomposed  types  than  in  the  more  fibrous 
brown  ones,  but  the  variation  does  not  seem  to  be  very  large,  and 
does  not  warrant  the  attempt  to  use  pressure  for  completely  removing 
water  from  any  kind  of  peat.  Thorough  maceration  or  grinding 
also  has  the  effect  of  rendering  the  water  more  free  in  its  movement 
in  the  peat.  This  effect  is  probably  due  to  increased  uniformity  of 
texture  thus  produced  and  not  to  breaking  up  the  cells  of  the  plant 
remains,  as  these  are  exceedingly  minute  and  would  not  be  much 
affected  by  the  coarse  machinery  conmionly  used  for  grinding  peat. 

After  thorough  maceration  and  puddling,  if  the  peat  mass  is 
allowed  to  dry  slowly  to  an  air-dry  condition,  it  contracts  in  bulk 
and  dries  into  a  hard  and  firm  substance  that  absorbs  veiy  little 
water  even  if  thoroughly  immersed.  Untreated  peat,  on  the  other 
hand,  dries  into  a  loosely  aggregated  mass,  which  takes  up  water 
readily  and  is  veiy  friable  and  easily  broken  up  in  either  wet  or  dry 
states. 

Peat  that  has  been  dried  below  the  air-dry  condition  quickly 
absorbs  moisture  from  the  air  until  it  is  again  air  dry,  and  its  moisture 
content  then  varies  with  the  relative  amount  of  moisture  in  the  air, 
so  that  air-dried  peat  contains  a  lower  percentage  of  water  in  a  dry 
climate  than  in  a  moist  one,  or  in  dry  weather  than  in  wet. 

WEIGHT,   DENSITY,   AND   SPECIFIC   GRAVITY. 

The  different  types  of  peat,  as  is  indicated  by  their  differences  in 
structure  and  appearance,  vary  considerably  in  weight  for  a  given 
unit  of  volume.  They  also  vary  in  specific  gravity;  that  is,  their 
weight  compared  with  that  of  an  equal  bulk  of  pure  water  which  is 
taken  as  unity.  The  actual  specific  gravity  of  plant  fiber,  and  of 
peat  substance  derived  from  it,  is  greater  than  unity;  hence  these 
materials  free  from  air  and  other  included  buoyant  matter  would  sink 
when  placed  in  water.    Under  ordinary  circumstances,  however. 
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because  of  the  many  open  spaces  and  air-containing  cavities  in  peat, 
the  specific  gravity,  as  obtained,  is  generally  much  less  than  imity. 
The  figures  detennined  for  the  dried  peat  substances  range  from 
about  0.1  for  very  fibrous,  light-colored,  and  poorly  decomposed 
moss  peat  to  1.06  for  the  heavy,  compact,  fine-grained,  thoroughly 
decomposed  black  kinds,  which,  when  dry,  are  almost  as  hard  and 
black  as  bituminous  coal.  The  darker  brown,  fibrous,  and  partly 
decomposed  types  are  intermediate  in  character,  and  their  specific 
gravity  varies  from  0.25  to  0.70,  or  even  more,  if  it  happens  that  there 
is  much  included  mineral  matter. 

The  actual  dry  weights  of  these  grades  per  cubic  foot  are,  for  the 
lighter  and  undecomposed  fibrous  kinds  of  moss  and  sedge  peats, 
7  to  16  pounds.  For  the  brown  and  dark  brown  and  more  thoroughly 
disintegrated  types  the  weight  ranges  from  about  15  to  45  pounds 
per  cubic  foot.  The  dense,  black,  nonfibrous  kinds  that  are  thor- 
oughly decomposed  weigh  from  about  40  to  more  than  60  pounds 
per  cubic  foot  of  dry  matter.  These  weights  will  be  increased  if  the 
ash  content  rises  above  15  per  cent  of  the  total  weight  of  the  dry  peat, 
as  the  mineral  matter  of  the  ash  has  a  high  specific  gravity.  There- 
fore, before  any  other  tests  are  made,  peats  that  are  very  heavy  and 
compact  when  dry  should  be  examined  to  see  if  they  do  not  contain 
too  much  ash  for  fuel  purposes. 

In  order  to  get  the  true  weight  of  a  cubic  foot  of  peat,  the  mass 
weighed  should  be  as  compact  as  possible  without  compression,  since 
if  the  dry  material  be  in  the  form  of  lumps  or  of  disintegrated  fibers, 
air  spaces  will  take  up  a  considerable  part  of  the  measure,  and  the 
weight  obtained  will  be  too  small. 

It  may  be  noted  therefore  that  the  fibrous,  light-colored,  and  poorly 
decomposed  peats  are  Ught  in  weight  when  compared  with  the  darker 
homogeneous,  and  more  thoroughly  decomposed  kinds,  and  make 
more  bulky  and  less  easily  transported  and  stored  fuel  and  require 
much  more  thorough  maceration  to  reduce  them  to  a  satisfactory 
condition  for  general  use. 

RELATIONS    OF    THE    PHYSICAL    CONDrnON    OF    INCLUDED    VEGETABLE 

MATTER  TO   EXPLOITATION. 

The  availabiUty  of  a  given  peat  deposit  for  certain  definite  pro- 
spective uses  depends  much  upon  the  physical  condition  of  the  plant 
remains  contained  in  the  peat.  Thus,  if  the  peat  is  to  be  used  for 
making  paper  or  stable  litter  there  should  preferably  be  a  large  amount 
of  well-preserved,  fibrous  matter  available,  whereas  fine-grained, 
structureless,  compact  peat,  so  desirable  for  fuel,  must  be  rejected. 
If  the  peat  contains  layers  of  well-preserved  woody  plant  structures, 
especially  roots  and  logs,  the  cost  of  preparing  the  bog  for  working 
is  increased  and  its  actual  exploitation  is  rendered  costly  and  slow 
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unless  powerful  machinery  be  used.  Peat  containing  much  tough, 
fibrous  matter  is  often  difficult  to  grind  in  the  usual  type  of  peat 
machine  because  the  knives  become  clogged  by  the  fibers.  Poorly 
disintegrated  grassy  and  mossy  peat  is  not  suitable  for  most  types  of 
briquetting  machines,  because  the  briquets  made  from  it  are  very 
light  in  weight  and  particularly  likely  to  break  up  into  thin  plates 
when  handled  or  when  in  the  fire.  Therefore,  it  is  veiy  desirable  and 
even  essential  to  learn  as  much  as  possible  of  the  physical  properties 
that  are  necessary  to  insure  success  in  some  chosen  field  of  exploita- 
tion. A  quality  of  peat  which  is  adapted  to  the  use  should  then  be 
sought. 

CIJLSSIFIOATION  BY  PHYSICAL  CHABACTEBS. 

It  is  quite  evident  from  what  has  already  been  written  that  a 
classification  of  peats  may  be  based  upon  purely  physical  properties, 
but  when  such  classification  is  attempted  it  is  difficult  to  draw  sharp 
lines,  so  that  a  number  of  systems  of  characterizing  peat  are  in 
common  use.  In  most  of  these  a  compound  terminology  combining 
color,  structure,  and  weight  is  used,  but  a  quite  different  terminology 
is  also  used,  which  characterizes  the  material  according  to  the  kind 
of  vegetation  that  is  most  conspicuously  preserved  in  it  or  is  found 
growing  on  the  surface. 

In  this  connection  muck  should  be  mentioned.  The  term  ''muck" 
is  frequently  used  as  distinct  from  peat  to  characterize  peaty  soils 
high  in  mineral  matter,  but  in  general  it  is  applied  by  farmers  of  all 
parts  of  the  country  to  swamp  soils  which,  by  their  color,  indicate 
a  considerable,  or  high,  per  cent  of  organic  matter,  whether  they  are 
pure  vegetable  substances  or  not.  In  fact,  the  word  ''peat"  is  often 
unknown,  except  as  a  book  word,  in  districts  in  which  there  are  good 
peat  beds  of  considerable  extent,  muck  being  the  only  name  given 
such  deposits. 

Johnson  ^  gives  the  following  classification  of  peats  cited  from  a 
German  writes' : 

(a)  Turfy  peat. — OonsSsting  of  slightly  decomposed  mosses  and  other  peat-producing 
plants,  having  a  yellow  or  yellowish-brown  color,  very  soft,  spongy,  and  elastic; 
specific  gravity,  0.11  to  0.26,  the  fuU  English  cubic  foot  weighing  from  7  to  16  pounds. 

(b)  Fibrous  peat. — ^Unripe  peat  which  is  brown  or  black  in  color,  less  elastic  than 
turfy  peat,  the  fibers  either  of  moss,  grass,  roots,  leaves,  or  wood,  distinguishable  by 
the  eye,  but  brittle  and  easily  broken;  specific  gravity  0.24  to  0.67,  the  full  cubic 
foot  weighing,  accordingly,  from  15  to  42  pounds. 

(c)  Earthy  peat. — ^Nearly  or  altogether  destitute  of  fibrous  structure,  drying  to  earth- 
like masses  which  break  with  more  or  less  difficulty,  giving  lusterless  surfaicee  of  frac- 
ture; specific  gravity,  0.41  to  0.  90,  the  full  cubic  foot  weighing  from  25  to  56  pounds. 

(d)  Pitchy  peat. — Dense;  when  dry,  hard;  often  resisting  the  blows  of  a  hammer, 
breaking  with  a  smooth,  sometimes  lustrous  fracture  into  sharp-angled  pieces;  spe- 
cific gravity,  0.62  to  1.03,  the  full  cubic  foot  weighing  from  38  to  65  pounds. 

•  Johnson,  S.  W.,  Peat  and  its  uses.    New  York,  1866,  pp.  95-06. 
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CHEMICAL  PBOPBRTIES. 
GENERAL  CGMPOSITIGN. 

Primarily,  the  organic  materials  from  which  peat  originates  are 
two — cellulose,  or  ordinary  vegetable  substance,  and  lignin,  or 
woody  matter.  Both  of  these  are  compUcated  chemical  compoimds 
of  the  solid  element  carbon  and  the  gases  oxygen  and  hydrogen,  and 
as  found  in  plant  tissues  contain  also  mineral  substances  in  consid- 
erable variety.  They  are  often  mixed  with  lesser  quantities  of  other 
organic  compounds  which  have  been  formed  in  the  course  of  the 
activities  of  the  living  plants,  such  as  resins,  fatty  and  waxy  bodies, 
and  others  which  contain  nitrogen,  the  inert  gaseous  element  of  air. 

During  the  decomposition  of  these  substances,  which,  as  already 
pointed  out,  is  largely  accompUshed  by  the  activities  of  fungi,  bacteria, 
and  other  organisms,  new  and  simpler  but  still  compUcated  substances 
are  formed.  The  latter  have  never  been  exhaustively  studied, 
although  from  time  to  time  some  of  the  more  generally  distributed 
groups  of  such  compounds  have  been  investigated.  Several  sub- 
stances possessing  acid  properties  that  have  been  isolated  from  peat 
have  been  named.  In  this  class  are  humic,  ulmic,  geic,  crenic,  pectic, 
and  other  acids;  humin,  ulmin,  etc.,  are  names  given  to  other  types 
of  substances  known  to  occur  in  peat,  but  difficult  to  obtain  from  it. 
By  some  writers  these  compounds  are  all  classed  together  under  the 
comprehensive  name  of  humus.  The  plant  organs  composed  of  pure 
cellulose  seem  to  be  least  affected  by  decomposition.  Thus  fine 
rootlets,  epidermal  cells  of  herbs,  etc.,  often  occur  well  preserved  in 
peats  from  which  all  other  structures  have  disappeared. 

It  is  generally  understood  by  chemists,  however,  that  the  above 
names  do  not  correspond  to  single  compounds,  but  rather  to  groups 
of  related  bodies  which  possess  similar  chemical  properties.  Bitumi- 
nous and  resinous  matters  are  also  found  under  natural  conditions 
in  some  types  of  peat,  especially  in  such  as  are  thoroughly  decomposed 
and  blackened,  most  often  under  conditions  that  lead  to  the  conclu- 
sion that  they  are  concentration  and  not  decomposition  products. 

During  the  processes  of  decomposition  of  vegetable  matter,  as  they 
ordinarily  go  on  in  a  peat  bog,  a  part  of  the  gaseous  elements  oxygen 
and  hydrogen,  together  with  a  part  of  the  carbon,  is  liberated  from 
the  less  resistant  organic  compounds  in  the  form  of  gases.  Of  these 
gases,  carbon  dioxide  (CO^),  made  up  of  carbon  and  oxygen,  and 
marsh  gas  or  methane  (CH^),  a  simple  compound  of  carbon  and  hydro- 
gen, are  those  most  frequently  observed.  Together  with  nitrogen, 
and  less  often  hydrogen-sulphide,  the  gases  referred  to  form  the 
bubbles  of  gas  so  abundantly  given  off  when  vegetable  matter  under- 
going decay  under  water  is  disturbed,  and  by  their  formation  and 
escape  they  reduce  the  proportion  of  oxygen  to  the  carbon.  Hence 
the  more  completely  decomposed  peats  have  a  higher  percentage  of 
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carbon  and  less  oxygen  and  hydrogen  than  those  in  which  the  vege- 
table matter  is  more  nearly  in  its  original  state.  This  is  well  shown 
in  the  tables  of  analyses  (see  p.  186)  made  by  the  United  States  Geolog- 
ical Survey. 

mm 

CHEMICAL   COMPOSmON   OF  THE   ASH. 

As  the  ash  of  peat  is  extremely  variable  in  quantity  and  in  origin, 
so  also  it  varies  greatly  in  chemical  composition.  When  the  ash 
exceeds  from  3  to  8  per  cent  of  the  dry  weight  the  excess  may  com- 
monly be  attributed  to  the  action  of  water  or  wind  or  both. 

The  quantity  of  ash  directly  traceable  to  the  plants  varies,  however, 
according  to  the  kinds  of  plants  from  which  the  peat  originated,  its 
state  of  decomposition,  and  the  quantity  of  mineral  matter  carried 
in  solution  in  the  water  with  which  it  is  saturated.  Thus  peat  formed 
from  trees  and  other  woody  plants  will  generally  have  a  higher  normal 
percentage  of  ash  than  that  derived  from  grasses  and  similar  plants. 
Such  peat  in  turn  will  be  somewhat  richer  in  siUca,  calcium  com- 
pounds, and  other  mineral  matter  than  that  in  which  mosses  are  the 
principal  sources  of  the  original  plant  material. 

As  the  peat  loses  its  more  volatile  constituents  the  proportion  of 
mineral  matter  or  ash  will,  as  is  clear,  steadily  increase  by  reason  of 
the  concentration  of  the  soUd  constituents.  Chemical  analysis  has 
also  demonstrated  that  in  regions  where  the  soil  waters  contain  much 
mineral  matter  in  solution  plants  of  a  given  species  contaia  a  higher 
percentage  of  ash  than  those  of  the  same  species  grown  where  the 
water  has  less  soluble  matter.  Thus  in  limestone  regions  the  ash  of 
most  plants  is  found  to  contain  more  lime,  or  calcium  sulphate,  than 
occurs  in  the  same  species  in  regions  of  granitic  rocks. 

As  a  rule  the  mineral  matter  of  extraneous  origin  which  is  found  in 
peat  ash  is  largely  silica  in  the  form  of  sand  and  silt,  or  is  alumina  and 
silica  in  the  form  of  clay.  It  may,  however,  be  principally  calcium 
carbonate  or  sulphate  where  these  minerals  are  abundant  in  the  rocks 
or  in  the  derived  soil  and  soil  water.  Iron  is  not  infrequently  abun- 
dant in  the  peat  as  organic  compounds,  humates,  etc.,  or  as  the  sul- 
phate, sulphide,  carbonate,  or  oxide.  Ferrous  sulphate  is  sometimes 
abundant  in  peat  beds  formed  where  the  water  supply  is  chiefly  derived 
from  springs,  and  indicates  its  presence  by  giving  oflF  strongly  acid 
fumes  when  the  peat  is  burned  and  by  imparting  a  whitish  or  greenish 
coating  to  the  partly  dried  peat.  All  iron  compounds  give  to  the 
ashes  of  the  peat  a  rusty  or  reddish  color.  As  already  noted  above, 
the  silica  or  the  calcium  carbonate  in  pond-formed  peat  may  be 
largely  of  organic  origin. 

The  following  analyses  **  of  ashes  of  peat  from  Connecticut  bogs 
show  their  variable  character. 


a  JobXiSOIl,  op.  Cit.,  pp.  47-49. 
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Analyses  of  ashes  of  peat  from  Connecticut  bogs. 


ConstltiiBnts. 

Name  of  sample. 

1 

ConstltiiBnts. 

Name  of  sample. 

A. 

B. 

C. 

A. 

B. 

C. 

Pot«ff*» 

0.60 

.68 

40.52 

6.06 

6.17 
.60 

0.80 

'"36.'56* 
4.02 

0.06 
.77 

3.46 

Trace. 

6.60 

1.05 

16.60 
1.66 

Sulphurlo  add 

6.52 

0.16 

8.23 

10.60 

12.11 

10.41 

a43 

1.40 

22.28 

16.04 

4.04 

Soda 

Chlorine 

0.70 

T4in6 

Soluble  silica 

67.01 

Macnesia 

Carbonic  acid 

67.01 

Oxides  of  iron  and  RinmU 

Sand 

67.01 

niiTn 

PbosDhoric  acid 

00.13 

100.74 

100.00 

The  range  of  the  compbnents  compiled  by  the  same  author  from 
various  sources,  chiefly  European,  is  as  follows: 

Variations  and  averages  in  oovruoosition  of  peat  ashes. 


Minlmnm 

ICaxImum. 

ATsraga. 

Chemical  compound. 

Per  cent. 

Pounds 
per  ton. 

Peroent. 

Pounds 
per  ton. 

Percent. 

Pounds 
per  ton. 

Potash 

0.06 
None. 

4.72 
None. 
.00 
None. 
None. 
None. 
None. 
.00 

1.0 
.0 

04.4 
.0 

18.0 
.0 
.0 
.0 
.0 

10.8 

3.64 

6.73 

68.38 

24.30 

20.60 

73.33 

37.40 

6.60 

6.20 

66.07 

72.8 
114.6 

1,167.6 
487.8 
410.0 

1,466.6 
748.0 
130.0 
126.8 

1,130.4 

0.80 

.83 

24.00 

3.20 

6.78 
18.70 

7.60 
.60 

2.66 
26.60 

17.8 

Soda 

16.6 

Lime 

48ao 

Magnesia 

64.0 

Alumina 

115.6 

Osdde  of  iron 

374.0 

Sulphuric  acid 

15a  0 

Chlorine 

12.0 

Phosphoric  acid 

61.2 

Sand 

6iao 

It  should  be  noted  that  in  peats  of  low  ash  content  the  percentage 
of  constitutents  of  agricultural  value  will  generally  be  higher  than  in 
those  having  much  ash,  because  such  peat  is  derived  from  nearly  pure 
vegetable  matter  in  which  there  is  a  degree  of  concentration  of  potash 
and  phosphoric-acid  salts  which  does  not  exist  in  soil  waters  or  in  the 
finely  divided  mineral  matter  borne  about  in  suspension  in  lakes  and 
streams  or  in  the  air. 

RELATION  OF  ASH  TO  FUEL  VALUE. 

The  quantity  of  ash  determines  within  certain  limits  the  value  of 
peat  for  commercial  fuel  purposes,  because  the  analyses  accompanying 
this  report  (pp.  186-203)  clearly  show  that  the  fuel  value  is  decreased 
nearly  in  direct  proportion  to  the  increase  in  the  amount  of  ash 
within  these  limits. 

This  is  due  theoreticaDy  to  the  following  reasons:  The  ash  displaces 
a  definite  amount  of  combustible  matter  so  that  a  given  weight  of  peat 
with  much  ash  contains  less  actual  substance  from  which  heat  can  be 
generated  than  the  same  weight  of  purer  material.  The  ash  requires 
and  uses  up  heat  to  raise  and  maintain  its  own  temperature  to  that  of 
the  surrounding  combustibles.  Heat  energy  is  also  used  to  bring 
about  many  of  the  chemical  changes  that  the  fire  may  cause  in  the 
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ash  constituents.  In  the  latter  respect  siUca  and  other  substances 
chemically  unchanged  by  heat  produce  no  effect. 

The  maximum  quantity  of  ash  usually  considered  allowable  in  peat 
that  is  to  be  sold  for  fuel  on  a  commercial  scale  is  somewhat  arbitrarily 
placed  by  some  writers  at  25  per  cent  of  the  total  dry  weight  and  by 
others  at  20  per  cent.  Peat  with  less  than  5  per  cent  ash  is  regarded 
by  the  Irish  authorities  as  good,  that  haying  from  5  to  10  per  cent  as 
moderately  good,  and  that  having  from  10  to  25  per  cent  as  bad. 
The  Swedish  standards  are  as  follows:  Low,  2  per  cent;  average,  5 
per  cent;  comparatively  high,  8  per  cent;  high,  11  per  cent;  very 
high,  14  per  cent. 

These  limits  are  fixed  because  the  calorific  value  of  material  with 
more  than  20  per  cent  ash  is  assumed  to  be  too  low  for  commercial  use. 
Below  this  limit,  however,  peat  of  high  ash  content  is  often  found  which 
exceeds  in  its  theoretical  fuel  value,  as  shown  by  calorimeter  tests, 
peat  with  a  much  smaller  percentage.  Peat  with  a  proportion  of  ash 
much  greater  than  20  per  cent  may  doubtless  be  used  without  detriment 
for  the  generation  of  producer  gas  than  for  burning  as  ordinary  fuel. 

Enthusiastic  advocates  of  the  use  of  peat  fuel  have  made  some 
absurd  claims  regarding  the  value  of  peat  compared  with  other  kinds 
of  fuel  now  in  common  use.  The  basis  for  all  adequate  fuel  compari- 
sons, however,  must  be  chemical  analyses  and  calorimetric  determi- 
nations, followed  where  possible  by  actual  working  tests  conducted 
under  standard  conditions  by  impartial  and  well-trained  engineers. 

It  should  be  pointed  out,  on  the  other  hand,  that  all  tests  are  of 
relative  rather  than  absolute  value;  they  form  a  reliable  foimdation 
upon  which  to  base  judgments,  and  therefore  are  justified  and  of 
immeasurably  greater  value  for  practical  operations  than  mere  opin- 
ions derived  from  superficial  personal  observation  and  experience. 

PROXIMATE   AND   ULTIMATE   ANALYSES. 

There  are  two  kinds  of  experimental  work  for  determining  the 
relative  value  of  fuels  of  the  same  or  different  kinds:  (1)  the  chemical 
and  fuel  analyses  of  small  samples,  and  (2)  test  runs  made  with 
large  quantities  under  conditions  reproducing  as  closely  as  possible 
those  tmder  which  the  fuel  is  used  commercially. 

Chemical  analyses  of  fuel  are  of  two  kinds,  proximate  and  ultimate. 
In  the  former  the  moisture  or  free  water  contained  in  the  fuel,  the 
volatile  matter,  including  chemically  combined  water  and  the  hydro- 
carbons, the  nonvolatile  or  fixed  carbon,  and  the  ash  are  determined 
imder  approximately  fixed  conditions.  The  included  water  is  first 
driven  off  by  heating  a  carefully  weighed  sample  of  the  material  at 
about  the  temperatiu-e  of  boiling  water,  the  heating  being  continued 
until  repeated  weighings  show  no  further  loss  of  weight.  If  the  sub- 
stance contains  much  very  volatile  matter  the  water  is  often  removed 
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by  heating  under  reduced  pressure  or  by  exposure  to  diy  air  at  a  low 
temperature  (about  100^  F.).  In  making  the  analyses  of  peat  that 
accompany  this  report  it  was  found  necessary  to  take  these  pre- 
cautions. 

The  volatile  matter,  chiefly  hydrocarbons,  is  next  driven  off 
from  the  sample  in  the  form  of  permanent  gases  and  liquids  by  raising 
the  temperature  enough  to  insure  the  decomposition  of  the  fuel  and 
the  vaporization  of  the  newly  formed  compounds  of  carbon  and 
hydrogen,  care  being  taken  to  exclude  the  air  so  that  the  residue  of 
carbon  does  not  take  fire.  After  the  evolution  of  the  gases  has 
ceased,  as  shown  by  the  dying  out  of  the  flame  above  the  dish  in 
which  the  heating  is  done,  the  carbon  residue  and  dish  are  cooled 
and  again  weighed.  The  difference  in  weight  from  that  previously 
found  shows  the  quantity  of  the  volatile  matter;  the  weight  of  the 
residue  is  that  of  the  coke. 

The  coke  is  once  more  strongly  heated  in  a  plentiful  supply  of  air 
imtil  all  traces  of  the  black  color  of  the  carbon  disappear,  leaving 
only  the  ash.  The  difference  between  the  weight  of  the  coke  and 
that  of  the  ash  is  fixed  carbon.  The  weighings  are  always  made 
after  the  dish  and  the  substance  contained  in  it  are  cold.  In  such 
analyses  it  is  apparent  that  no  effort  is  made  to  find  out  what  sub- 
stances are  present,  the  whole  operation  being  on  a  small  scale 
similar  to  the  processes  going  on  in  any  fire  box  while  combustion  is 
taking  place. 

In  ultimate  analyses,  on  the  other  hand,  the  substance  is  broken 
up  into  its  constituent  elements  by  proper  chemical  processes,  and 
the  amount  of  each  is  determined  as  exactly  as  possible.  The  meth- 
ods employed  are  somewhat  complicated  and  require  great  care  and 
special  chemical  knowledge,  and  need  not  be  described  here.  The 
results  of  such  work  are  much  more  definite  than  those  of  the  other 
class  and  state  exactly  the  proportions  of  the  elements  that  are 
present  in  the  substance  under  examination.  In  ultimate  analyses 
of  fuels  it  is  not  usual  to  fully  analyze  the  ash. 

DETEBMINATION   OF   CALOBIFIC   VALUE. 

Besides  these  two  kinds  of  chemical  analyses  the  theoretical  calo- 
rific or  heat  value  of  fuels  is  determined  by  direct  experiment,  or  by 
calculation  from  the  ultimate  analysis.  The  results  of  either 
method  are  expressed  in  thermal  or  heat  imits. 

A  thermal  imit  is  the  quantity  of  heat  required  to  raise  the  tem- 
peratxu'e  of  a  given  weight  of  a  selected  substance  a  specified  amount. 
The  thermal  units  in  general  use  among  physicists,  engineers,  and 
others  are  the  British  and  the  French  or  continental.  The  British 
thermal  unit  (B.  t.  u.)  is  the  quantity  of  heat  required  to  raise  the 
temperatxu-e  of  a  pound  of  water  1°  F.  The  French  unit  (calorie) 
is  based  on  the  centigrade  thermometer  scale  and  the  metric  system 
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of  weights.  The  gram  calorie,  or  small  calorie  (cal.),  is  the  amount 
of  heat  required  to  raise  the  temperature  of  1  gram  of  water  1°  C, 
and  the  kilogram  calorie,  or  large  calorie  (Cal.),  is  the  amount  of  heat 
required  to  raise  the  temperature  of  1  kilogram  of  water  1°  C. 
Another  thermal  imit  sometimes  used  is  the  pound  calorie,  the  amount 
of  heat  required  to  raise  the  temperature  of  1  pound  of  water  1*^  C. 

The  calorific  value  of  a  fuel  is  measured  by  the  power  of  a  given 
weight  of  the  fuel  to  heat  a  given  weight  of  water.  Manifestly,  1 
gram  of  a  fuel  will  heat  1  gram  of  water  to  just  the  same  degree  that 
1  pound  of  the  fuel  will  heat  1  poimd  of  water.  Hence  if  the  weights 
of  fuel  burned  and  of  water  heated  are  expressed  in  the  same  units, 
the  relation  between  the  British  and  the  French  thermal  units 
becomes  that  of  the  thermometric  scales.  In  other  words,  if  grams 
(or  kilograms)  of  fuel  are  burned  to  heat  grams  (or  kilograms)  of 
water,  the  gram  (or  kilogram)  calories  thus  determined  may  be  con- 
verted to  British  thermal  units  per  pound  by  multiplying  by  1.8, 
because  a  centigrade  degree  is  1.8  times  as  large  as  a  Fahrenheit 
degree. 

If,  however,  a  constant  weight  (for  instance,  1  lb.)  of  fuel  be  used, 
and  the  large  calorie  (the  amount  of  heat  necessary  to  raise  the  tem- 
perature of  1  kg.  of  water  1^  C.)  be  compared  with  the  British  thermal 
unit  (the  amount  of  heat  required  to  raise  1  lb.  of  water  1°  F.), 
account  must  be  taken  not  only  of  the  different  thermometric  scales^ 
but  of  the  kilogram  being  2.2  times  the  weight  of  the  pound;  hence 
thenumberof  large  calories  in  1  pound  of  fuel  is  equal  to  1.8X2.2—3.96 
times  the  number  of  British  thermal  units. 

The  calorific  value  of  a  given  fuel  may  be  determined  directly 
from  an  average  sample  by  the  use  of  a  calorimeter,  or  by  calcula- 
tion from  the  ultimate  analysis.  The  calorimeter  is  a  carefully  con- 
structed instrument,  in  one  type  of  which  a  small  quantity  of  the 
finely  i>owdered  fuel  to  be  tested  is  completely  burned  in  a  closed  metal 
vessel  or  bomb,  entirely  surroimded  by  water,  which  absorbs  the 
heat  generated  by  the  combustion.  Complete  combustion  is  insured 
by  the  addition  of  pure  oxygen  gas  or  oxygen-bearing  chemicals  to 
the  sample  in  the  bomb.  The  resulting  rise  in  temperature  is  meas- 
ured by  an  accurate,  finely  graduated  thermometer.  To  prevent 
temperature  changes  due  to  outside  influences,  the  whole  apparatus 
is  protected  when  in  use  by  a  heavy  nonconducting  covering,*  and 
is  used  in  a  uniformly  heated,  closed  room. 

The  calorific  value  of  a  given  peat  sample,  stated  in  terms  of  the 
theoretically  dry  peat,  may  be  reduced  to  that  of  any  desired  water 
content  or  percentage  of  moisture  between  0  and  30  per  cent,  suffi- 
ciently near  for  ordinary  coromercial  use,  by  deducting  1  per  cent 

a  For  a  descriptioii  of  the  methods  used  In  chemical  and  calorimetric  work  on  fuels  in  the  chemical  laboro- 
tory  of  the  technologic  branch  of  the  United  States  Geological  Survey  and  in  the  chemical  laboratory  of 
the  Bureau  of  Mines,  the  reader  is  referred  to  Technical  Paper  8  of  the  bureau. 


52       USES  OF  PEAT  FOB  FUEL  AND  OTHBB  PUBPOSES. 

from  the  theoretical  calorific  value  for  each  per  cent  of  moisture 
assumed  to  be  present.  Conversely,  if  the  thermal  value  of  peat 
with  a  given  percentage  of  moisture  is  known,  the  thermal  value  of 
the  same  peat  on  the  theoretically  dry  basis  can  be  calculated.  In 
practice  this  is  reduced  to  a  formula  as  follows: 

Calorific  value  as  analyzed  ^  |qq  _  Calorific  value  of  the 
100  —  percentage  of  ^ater  moiature-free  peat, 

found  by  sjialysiB 

The  calorific  value  of  a  fuel  of  which  an  ultimate  analysis  has 
been  made  may  be  obtained  by  the  use  of  formulas  in  which  the  per- 
centages of  the  heat-giving  elements  of  the  compound  under  exam- 
ination are  properly  combined  with  fuel  values  of  the  pure  elements. 
The  latter  have  been  so  often  determined  that  they  are  accurately 
known  and  may  be  used  as  constants. 

To  secure  uniformity  of  statement  in  comparing  fuel  values,  many 
analyses  have  been  published  showing  the  number  of  heat  units 
obtainable  from  different  kinds  of  fuel  imder  theoretical  conditions. 
Such  statements  are  often  misleading  to  the  general  reader,  especially 
when  they  are  given  in  terms  of  the  water-and-ash-free  substance, 
or  as  if  the  fuel  were  entirely  made  up  of  combustibles — a  purely 
hypothetical  condition  which  makes  the  efficiency  of  the  fuel  appear 
too  high.  On  this  basis,  adopted  to  secure  the  uniformity  of  state- 
ment that  is  essential  for  accurate  comparison  of  fuels  of  the  same 
kind,  the  error  is  not  uniformly  distributed  when  comparisons  are 
made  of  widely  varying  classes  of  fuels,  because  those  wliich  always 
have  high  percentages  of  ash  and  water  may  be  given  false  values  by 
recalculating  them.  On  the  other  hand,  there  are  other  kinds  of 
fuel  which  are  always  low  in  ash  and  contain  smaller  percentages  of 
water  and  their  analyses  show  but  Uttle  change  when  recalculated. 

For  these  reasons  the  following  calorific  values  of  mineral  fuels 
are  all  chosen  to  indicate  as  nearly  as  possible  their  fuel  value  in  the 
condition  in  which  they  are  found  in  the  market.  The  determinations 
were  made  at  the  chemical  laboratories  of  the  technologic  branch  of 
the  United  States  Geological  Survey.  They  are  from  samples 
carefully  taken  from  carload  lots  of  commercially  well-known  coals 
and  other  substances  which  were  sent  to  the  fuel-testing  plants  of  the 
survey  for  experimental  and  testing  work. 

The  peat  samples  were  analyzed  at  the  same  laboratories  and  by 
the  same  methods  as  the  coals.  The  method  of  collecting  the  peat 
samples  was  slightly  modified  for  different  field  seasons,  but  in  general 
the  samples  analyzed  were  taken  at  2-foot  intervals  from  several 
rather  widely  separated  test  holes  extending  from  top  to  bottom  of 
the  deposit.  The  samples  were  sufficiently  well  mixed  to  insure 
that  each  was  an  average  of  the  deposit.  The  collections  were 
made  with  a  sampUng  tool  devised  by  the  writer.    This  tool  permits 
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the  taking  of  pure  samples  at  any  desired  depth,  and  has  proved 
so  generally  useful  and  accurate  that  it  is  described  on  pages  71  and  72. 

Li  the  early  part  of  the  work  samples  were  sent  to  the  laboratory 
in  a  wet  state,  but  the  difficulty  of  obtaining  water-tight  containers 
of  the  right  size  led  to  the  adoption  of  the  plan  of  collecting  a  large 
sample  for  the  usual  analyses  in  a  cloth  bag.  A  small  sample  from 
which  the  water  content  of  the  peat  at  the  time  of  its  collection  could 
be  determined  was  also  collected  in  a  4-ounce  bottle,  provided  with 
a  suitable  mailing  case.  The  sample  in  the  bag  soon  dries  down  to  a 
low  percentage  of  moisture  and  can  then  be  mailed  without  difficulty. 

It  is  evident  that  analyses  made  from  samples  taken  in  this  way 
are  of  more  general  value  than  those  made  from  carefully  selected 
materials  or  from  those  which  have  been  taken  from  single  stations 
or  beds. 

Calorific  volume  of  the  common  types  of  fuel  compared  with  air-dried  peat. 

COHHON  TYPES  OF  FUEL. 


Lab. 

Tyi)e  of  ftiel. 

LocaUty. 

H,0. 

Ash. 

Sulphur. 

Heating  value. 

No. 

Catorles. 

B.  t.  u. 

3216 
a  519 

Gnphitic  anthracite. . . 
CokSTr. 

Cranston.  R.I 

Mixed  coke 

2.41 
6.56 
2.30 
4.80 
5.19 
8.67 

5.13 

10.72 
12.39 
12.40 

31.06 
35.96 

19.06 
12.86 
13.39 
17.64 
14.01 
6.55 

8.71 

9.36 
8.92 
6.77 

7.88 
7.75 

0.07 
.97 

1.05 
.84 

2.05 
.46 

.86 

.52 

3.92 

.26 

.99 
1.15 

6,109 
6,870 
6,975 
6,645 
6,922 
7,939 

7,525 

6,492 
6,333 
5,948 

4,372 
3,927 

10,996 
12,366 
12,523 
11,961 
12,460 

ADthrncite. , 

St.  Nicholas,  Pa 

Blacksburg,  Va 

Spadia,  Ark 

4287 

do 

2744 

Semianthradte 

8emibitamlDous(Poca- 

hontas  No.  3). 
Bituminous       (Pltts- 

burgh). 
Bituminous  (niinois). . 
do 

5829 
4009 

Ennis,  W.Va 

Connellsville,  Pa. . . . 

14,290 

13,365 

11,686 
11,399 
10,706 

7,870 
7,060 

9090 

Zeleler.m 

1779 

LaBalle.Ill 

3386 

Hanna,  Wyo 

Olsen,  Tex 

2734 

ming). 

Lignite  (Tezss) 

Lignite  (North  Dakota) 

2243 

WUton,N.  Dak 

a  Test  number. 
AIR-DRIED  PEAT. 


Lab. 

No. 


6576 
0722 
«572 
6191 
6560 
6203 
6193 
6198 


6436 
0279 
0555 

orn 

0200 

0278 
0199 
0396 


Kind  of  peat. 


Brown,  fibrous 

.....do 

Light-brown,  fibrous 

Dark-brown 

Brown,  structureless 

Brown 

Brown,  fibrous 

Brown 

Brown,  fibrous 

Brown 

Brown,  fibrous 

Salt  marsh 

Black 

li^t-brown,  struo- 
tureless. 

Brown,  fibrous 

Brown,  sandy 

Black 


Locality. 


Fremont,  N.  H 

Hamburg,  Mich 

Rochester,  N.  H 

Westport.  €k>nn 

New  Durnam,  N.  H. 
New  Fairfield,  Conn. 

Westport,  Conn 

Kent,  Conn 

Cicero,N.Y 

Black  Lake,  N.Y... 
LaMarthie,Wi8.... 

Kitteiy,Me 

OreenlBnd,N.  H 

Waupaca,  Wis 

Madison,  Wis 

Kent,  Conn 

,N.  Y 


Water. 


6.34 

7.50 

11.64 

12.70 

6.06 

9.63 

19.60 

12.10 

14.57 

8.68 

9.95 

13.50 

6.62 

6.62 

o.  Vv 

9.06 
6.52 


Ash. 


7.93 

6.55 

4.06 

4.12 

17.92 

7.93 

3.23 

7.22 

7.42 

16.61 

16.77 

12.04 

24.11 

24.44 

18.77 
36.06 
28.50 


Sulphur. 


0.69 
.28 
.22 
.24 
.88 
.46 
.19 
.83 
.25 
.99 
.79 
1.94 
LOl 
.65 

.38 

L46 

.57 


Heating  value. 


Calories. 


5,161 
5,050 
5,042 
4,772 
4,415 
4,367 
4,273 
4,269 
4,209 
4,179 
4,149 
4,066 
3,992 
3,872 

3,857 
3,291 
2,867 


B.  t.  u. 


Air 
dried. 


9,290 
9,090 
9,083 

o,  OvU 

7,947 
7,861 
7,691 
7,684 
7,576 
7,522 
7,468 
7,319 
7,186 
6,-970 

6,943 
5,924 
5,161 


Water 

free. 


9,920 
10.026 
10,280 
9,839 
8,460 
8,098 
9,578 
8,743 
8,869 
8,237 
8,293 
8,462 
7,695 
7,465 

7,628 
5,924 
5,521 
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CHARACTERISTICS    DETERMINING    FUEL   VALUE. 

The  characteristics  determining  fuel  value  have  already  been  indi- 
cated in  part;  the  most  important  are  ash  and  water  content,  degree 
of  decomposition,  density,  and  color.  The  effects  of  ash  and  water 
are  to  lower  the  heating  value  nearly  in  proportion  to  the  amounts  in 
which  they  are  present.  In  general,  also,  it  may  be  said  that  peat 
that  is  coarse  in  texture  and  fibrous  or  woody  in  structure  is  less  valu- 
able for  fuel  than  the  finer-grained  types  which  are  compact  and  dark 
colored  when  dry.  This  is  readily  demonstrated  by  comparing  the 
theoretical  heating  value  in  the  series  of  peat  analyses  given  on  page 
53,  and  is  due  ia  some  degree  to  the  concentration  of  the  fuel  element 
carbon  as  the  original  chemical  compounds  of  the  peat  become  more 
and  more  completely  broken  up. 

The  ideal  fuel  should  maintain  a  steady  and  efficient  fire,  and  be 
capable  of  easy  control,  with  small  attention  and  without  developing 
smoke  or  offensive  and  injtirious  gases.  It  must  not  have  too  much 
ash  and  miist  not  produce  clinkers  and  slag  that  will  clog  the  fuel  bed 
and  fuse  to  the  grate  bars  or  fire  box,  nor  give  off  compounds  that  cor- 
rode the  boiler  or  other  metal  work  with  which  they  come  in  contact. 
In  addition,  it  must  be  cheap,  efficient,  and  transportable. 

Natural  gas  is  the  nearest  approach  to  this  ideal  occuring  in  nature, 
and  where  it  has  been  found  has  proven  to  be  the  best  fuel  known. 

COHPABATIVE  FUEL  VALUE  OF  PEAT  IN  DIFFERINa  CONDITIONS. 

FRESHLY    DUG. 

Freshly  dug  peat  from  an  undrained  deposit  consists  of  from  86  to 
90  or  even  95  per  cent  of  water,  8  to  13  or  even  as  Httle  as  3  per  cent 
of  carbonaceous  materials,  and  a  widely  variable  percentage  of  incom- 
bustible matter  or  ash.  Freshly  dug,  wet  peat,  therefore,  has  such 
small  heating  value  that  it  can  not  be  made  to  bum  until  it  is  at  least 
partly  dry,  reaching  its  highest  value  as  a  fuel  only  when  the  water 
has  entirely  disappeared.  Peat  with  enough  water  present  to  feel  wet 
to  the  touch  will  bum  in  a  strong  draft,  but  the  intensity  of  the  heat 
as  indicated  by  the  temperature  is  low  compared  with  that  of  the 
perfectly  dry  substance,  because  most  of  the  heat  developed  by  the 
combustion  is  rendered  latent  in  evaporating  water  from  the  particles 
of  peat  near  those  that  are  burning. 

DRIED. 

The  maximum  temperature  developed  by  the  combustion  of  per- 
fectly dry  peat  of  good  quaUty  under  the  most  suitable  conditions  of 
draft  and  combiistion  chamber  is  very  high,  being  over  4,000°  F. 
(2,200  °  C).  This  temperatiire  is  lowered  by  the  presence  of  even 
small  amounts  of  water  or  by  ash,  hence  the  desirability  of  having  the 
peat  as  dry  as  possible  when  the  highest  temperatures  attainable  by 
its  use  are  necessary.    The  drying  of  peat  that  is  to  be  stored  before 
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use,  with,  the  hope  of  increasing  its  eflSiciency  below  the  ^* air-dry" 
stage  of  12  or  15  per  cent  to  25  per  cent  moisture  content,  is  useless 
and  a  needless  expense;  if  so  dried,  it  soon  reabsorbs  water  from  the 
air,  just  as  wood  and  other  vegetable  matter  do  when  kiln  dried. 

The  water  content  of  air-dry  peat  varies  considerably  in  a  given 
locality  according  to  the  season,  and  in  different  parts  of  the  country, 
on  account  of  variations  in  the  relative  humidity  of  the  air,  there  will 
be  an  even  wider  variation,  the  water  content  of  air-dry  peat  being 
constantly  higher  in  the  moist  and  cool  regions,  where  there  is  a  high 
relative  humidity,  than  in  the  drier  and  warmer  ones.  The  lower  limit 
of  moisture  in  the  central  United  States  will  probably  be  at  least  8 
per  cent;  the  highest  limit  will  probably  be  along  the  coast  of  New 
England,  where  it  is  not  far  from  25  per  cent,  or  about  that  of  the 
European  countries. 

EFFECT  OF  EXPOSUBE   TO  AIB. 

The  weight  of  a  cubic  foot  of  the  heavier  and  denser  qualities  of 
peat,  when  freshly  cut  from  undrained  beds,  may  be  as  much  as  70 
or  75  pounds  to  the  cubic  foot,  but  after  a  few  days  of  exposure  to 
the  air  its  water  content  wiR  be  reduced  by  at  least  one-half  of  its 
original  amount.  Continued  drying  in  the  sun  and  wind  will  finally 
lower  it  to  from  8  to  25  per  cent  of  the  weight  of  the  mass,  within 
which  limits  it  remains  permanently,  as  indicated  in  the  preceding 
paragraph. 

Accompanying  the  loss  of  water  there  is  a  great  shrinkage  in  bulk, 
and  the  block  may  be  reduced  to  a  fourth  of  its  original  volume  in 
drying.  The  weight  of  a  full  cubic  foot  of  air-dry  cut  peat  ranges 
from  about  10  poimds  for  very  light  kinds  to  over  60  pounds  for  the 
black,  thoroughly  decomposed  kinds. 

CONDmONS  OF   IGNmON. 

The  lighter,  more  fibrous  kinds  of  peat  ignite  when  heated  in  the  air 
at  about  400''  F.  (200°  C.)  and  burn  with  a  red,  smoky  flame.  The 
burning  is  accompanied  by  a  characteristic  biting  or  acrid  odor  and 
grayish  or  whitish  smoke,  arisiog  from  the  destructive  gasification  of 
the  poorly  carbonized  organic  matter  of  which  the  peat  is  composed. 

Black,  pitchy  or  denser  kinds  of  peat  do  not  ignite  as  readily,  bum 
less  rapidly,  and  often  need  a  higher  temperature  to  induce  combus- 
tion than  do  the  other  types.  This  is  so  well  recognized  in  European 
coimtries  where  peat  is  used  that  a  supply  of  the  light,  fibrous  material 
from  the  top  of  the  peat  beds  is  always  cut  for  use  as  IriTiHIipg  and  for 
starting  quick  fires;  the  denser  kinds  from  the  deeper  parts  of  the 
deposit  are  used  for  general  purposes. 

CHARACTER  AND  EFFECT  OF  ASH. 

Unless  a  peat  has  a  high  per  cent  of  ash,  the  quantity  resulting  from 
burning  it  is  small.    In  any  case,  the  ash  is  light  in  weight  and  pow- 


66  USES  OF  PEAT  FOE  FUEL*  AND  OTHEE  PUEPOSES. 

deiy  in  texture  and  generally  does  not  fuse  into  clinkers  or  slag,  even 
in  a  strong  fire.  When  the  surface  of  a  peat  fire  is  covered  by  ashes, 
or  the  draft  is  cut  off,  the  fire  smolders  as  long  as  there  is  any  uncon- 
sumed  peat  left,  and  may  be  rekindled  at  any  time  by  renewing  the 
supply  of  air.  The  relatively  large  amount  of  oxygen  present  in  the 
fuel  itself  probably  supports  combustion  imder  these  circumstances, 
some  of  it  being  Uberated  from  the  fuel  by  the  heat.  This  may  also 
accoimt  for  the  fact  that  peat  fires  require  less  draft  than  those  of  other 
fuels. 

AIB-DEIED  PEAT  GOliPARED  WITH   COAL. 

According  to  European  authorities,  the  heating  value  of  air-dried 
cut  peat  is  small  as  compared  with  that  of  coal,  being  only  a  little  more 
than  one-half  as  much;  expressed  more  definitely,  it  ranges  from  five- 
eights  to  five-ninths  as  much,  or  in  the  ratio  of  1 : 1 .6  or  1 : 1 .8.  Refer- 
ence to  the  tables  of  analyses  (pp.  186  to  203)  will  show  that  the  fuel 
value  of  the  United  States  peats  has  a  comparatively  high  range. 
To  obtain  the  same  evaporating  effect,  from  8  to  10  or  even  as  much 
as  18  times  the  volume  of  peat  in  the  crude,  air-diy  state  must  be  used 
as  of  good  coal.  It  is  necessary,  therefore,  to  provide  plenty  of  room 
for  transporting,  storing,  and  firing  if  the  fuel  is  used  in  this  form. 

The  deficiencies  of  peat  thus  prepared  were  recognized  at  an  early 
stage  in  its  use  for  power  production,  and  several  methods  and  many 
machines  have  been  devised  for  compacting  it,  thereby  increasing  its 
efficiency  and  lasting  quahties  as  fuel,  and  making  it  more  easily 
transported  and  stored. 

In  spite  of  its  manifest  disadvantages  in  the  more  bulky  and  crudely 
prepared  forms,  such  as  hand-cut,  aiixlried  sods  or  blocks,  peat  in 
compacted  forms  is  well  Uked  by  those  who  have  used  it.  It  is  reported 
to  be  an  admirably  adapted  fuel  for  all  domestic  purposes,  as  it  is 
easily  kindled,  bums  freely  when  the  drafts  are  open,  yields  a  quickly 
developed  and  intense  heat,  is  light  and  easily  handled,  and  is  very 
clean,  giving  neither  soot,  dust,  nor  any  other  form  of  dirt.  Fires 
fed  with  it  are  easy  to  keep,  regulate,  and  control,  and  quickly  pro- 
duce enough  heat  at  aU  times  for  any  special  purpose.  When  used  in 
heating  stoves  and  furnaces  it  also  gives  satisfaction,  furnishing  a 
mild  but  sufficient  heat,  although  success  with  it  for  these  purposes 
depends  seemingly  as  much  on  the  experience  and  judgment  of  the 
individual  who  has  charge  of  the  fire,  the  way  in  which  it  is  handled, 
and  the  kind  of  grate  and  fire  box  used  as  on  the  fuel  itself. 

USB  OF  PBAT  FUBL  IN  XTOBOPB. 

In  European  countries  where  peat  is  used  largely  for  domestic  fuel 
special  stoves  for  it  have  been  designed  and  sold,  although  these  do 
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not  appear  to  have  any  very  general  use,  as  the  common  report  made 
by  those  who  have  investigated  the  matter  is  that  the  peat  is  usually 
burned  in  the  same  stoves  as  other  fuels.  The  best  results  from  using 
peat  would  probably  be  had  by  more  frequent  firing,  with  less  draft 
and  smaller  grate  openings,  and  for  power  generation  by  having  larger 
and  longer  fire  boxes  than  are  used  with  coal.  For  open  grates  peat 
is  an  ideal  fuel,  and  for  this  purpose  alone  it  should  command  a  large 
sale,  as  it  is  in  many  respects  superior  to  wood  and  coal. 

SFFZCIEXCY  OF  PEAT  FUEL  FOB  STEAM  GENERATION. 

The  efficiency  of  this  fuel  in  comparison  with  others  is  at  once 
questioned  when  its  use  for  the  generation  of  steam  under  boilers  in 
manufacturing  establishments  and  power  and  lighting  plants  is  pro- 
posed. If  trial  by  the  owners  of  such  establishments  demonstrates 
that  the  same  money  spent  for  any  other  fuel  will  give  a  laiger  quan- 
tity of  steam,  or  more  heat  units  than  will  peat,  or  will  insure  a  more 
readily  obtained  and  certain  supply  or  even  one  more  in  favor  with 
the  men  who  handle  it,  the  probabilities  are  that  the  other  fuels  will 
be  given  preference  and  used  exclusively.  For  these  reasons  peat- 
fuel  manufacturers  will  have  to  make  the  best  possible  showing  by 
producing  a  fuel  that  is  cheaper  and  more  convenient  to  use  and  very 
efficient  as  compared  with  types  already  on  the  market.  They  must 
also  be  able  to  provide  an  abundant  and  steady  supply  the  year 
round  if  they  expect  it  to  be  generally  used  for  power  purposes,  as  it 
must  be  if  large  investments  in  peat  fuel  are  to  be  profitable. 

CALORIFIC  VALUE  OF  PEAT  FUEL. 

Taking  up  briefly  the  calorific  value  of  peat  fuel,  the  tables  below 
should  be  examined  carefully,  as  they  enable  a  comparison  of  the 
value  of  peat  prepared  in  several  commercial  ways  to  be  made  with 
that  of  other  kinds  of  fuel  in  common  use. 

It  should  be  remembered  in  this  connection,  however,  that  unless 
the  peat  is  heated  enough  to  drive  off  some  of  the  volatile  matter, 
thereby  increasing  the  proportion  of  carbon  present,  the  theoretical 
heating  value — that  is,  the  number  of  heat  units  per  pound — is  prac- 
tically the  same  whether  the  peat  is  cut,  pressed,  or  briquetted. 
When  artificial  heating  is  resorted  to  and  carried  on  at  sufficiently 
high  temperatures  to  partly  char  the  peat  previous  to  or  during 
briquetting,  or  when  a  bitiuninous  or  resinous  binder  is  used  in  the 
process  of  making  the  briquets,  the  calorific  value  may  be  much 
increased.  However,  in  the  first  case  there  is  a  loss  of  weight  of  the 
material  proportionate  to  the  gain  in  fuel  value,  and  in  the  second  the 
binder  may  furnish  the  additional  heat  units  at  a  high  cost.     Probably 
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both  factors  must  be  considered  to  account  for  the  dUOFerences  which 
are  apparent  in  the  following  table :  ^ 

Calorific  values  of  peat  and  other  fuels. 


Kind  of  fuel. 


Wood 

Alrndried  cut  peat 

Pressed  peat 

Bituminous  coal . 
Oascoke 


Calorliio 

value 

I>er  pound. 


B.  t.  tt. 

6,760 

6,840 

7,290 

11,000 

12,060 


Kind  of  fuel. 


Peat  coke 

Semibituminous  coal 

P^t  briquets 

Charcoal 

Anthracite 


Caloriflc 

value 

per  pound. 


B.Lu. 
12,676 
13,000 
13,330 
13,940 
14,000 


The  following  analyses  are  of  peat  from  the  same  part  of  a  deposit 
and  were  made  independently;  the  calorific  value  is  on  the  ash-and- 
moisture-free  basis.* 

Calorific  valu£  of  peat  prej)ared  in  different  ways. 


Lab.  No. 


6436 
6394 
6392 
6385 


Character  of  peat  and  method  of  preparation. 


Air-dried  cut  peat 

Air-dried  machine  peat 

Steam-dried  machine  peat 

Steam-dried,  powdered,  and  brlquetted  peat 


Calorific 

value 

per  pound. 


B.  I. «. 

10,007 
9,970 
9,877 

10.111 


The  slight  variations  obtained  in  the  determinations  probably  are 
due  to  differences  in  the  quantity  of  ash  present,  this  varying  more 
than  1  per  cent  in  the  different  samples,  as  is  very  often  the  case  in 
different  collections  of  the  same  material.  The  analyses  show  con- 
clusively that  the  untreated  peat  analyzed  has  almost  exactly  the 
same  theoretical  heating  value  as  that  which  has  been  dried  by  steam 
heat  and  briquetted  without  binder  or  heat  in  an  open-mold  briquet- 
ting  press. 

CONCLUSIONS. 

The  foregoing  indicates  that  briquetting  alone  does  not  increase  the 
heating  value  of  a  given  weight  of  peat,  but,  as  is  shown  below,  it  does 
give  more  heat  units  for  a  given  volume,  and  therefore  improves  the 
efficiency  of  the  fuel  for  commercial  uses. 

The  effects  of  the  presence  of  ash  and  moisture  on  the  calorific  value 
of  peat  have  already  been  discussed.  Of  more  importance  stiU  are 
the  tables  of  analyses  given  on  page  63,  since  they  were  all  made 
by  the  United  States  Geological  Survey,  and  show  the  calorific  value 
of  the  fuels  cited  in  their  commercial  condition. 

These  tables  clearly  demonstrate  that  peat  is  a  better  fuel  than 
wood  or  the  lignites  with  which  it  is  compared,  and  at  its  best  is  not 


a  Ann.  Kept.  Michigan  Oeol.  Survey,  1907,  p.  334. 
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much  inferior  to  some  grades  of  commerciaUy  important  coals, 
although  generally  considerably  poorer.  The  best  peat  has  about  75 
per  cent  of  the  heating  value  of  anthracites  and  about  80  per  cent  of 
that  of  the  Illinois  coals,  or  from  85  to  nearly  90  per  cent  of  that  of 
the  Rhode  Island  and  Wyoming  samples;  the  poorest  of  the  peats 
with  high  ash  and  moisture  content  are  only  about  half  as  valuable  as 
the  best  of  the  coals  and  are  conunonly  rated  as  55  to  65  per  cent  as 
valuable  as  the  poorest  coals.  These  comparisons  are  made  on  a 
strictly  commercial  basis,  the  peat  being  air  dried  and  the  other  fuels 
in  the  state  in  which  they  were  received  from  the  mines. 

The  following  table  shows  the  effect  of  the  moisture  and  ash  on 
good  and  poor  peats : 

Comparative  caUyrific  value  of  peat  toith  various  amounts  of  ask  and  water. 


Calorific 

Calorific 

Ash. 

Water. 

value 
per  pound. 

Ash. 

Water. 

value 
per  pound. 

Percent. 

Percent. 

B.  t.  tt. 

Percent. 

Percent. 

B,  t. «. 

Free. 

Free. 

10,726 

10 

Free. 

9,653 

Free. 

10,297 

20 

Free. 

8,581 

11 

9,117 

10 

15 

8,045 

15 

8,688 

10 

20 

7,508 

25 

7,616 

20 

15 

6,973 

30 

7,079 

20 

20 

6,436 

50 

4,934 

The  statement  should  be  emphasized  that  peat  which  has  been 
dried  below  the  air-dry  condition,  but  not  charred,  will  soon  absorb 
moisture  enough  from  the  air  to  give  it  about  the  amount  of  water 
which  it  would  have  had  if  air  dried  at  first.  The  percentage  of 
water  thus  hygroscopically  absorbed  from  the  air  ia  less  for  very 
dense  black  peat  than  for  the  more  fibrous  brown  kinds,  but  to 
continue  the  drying  of  any  type  lower  than  about  15  per  cent,  with 
the  expectation  that  it  will  remain  fixed  there,  is  useless.  Peat 
thus  dried  below  the  critical  percentage  of  moisture  to  secure  greater 
efficiency  for  special  purposes  must  therefore  be  used  immediately 
if  any  advantage  is  to  be  gained  by  the  operation;  storage,  even  for 
a  short  time,  permits  water  to  be  reabsorbed  from  the  air. 

If  the  peat  is  heated  sufficiently  to  carbonize  or  char  it,  as  may 
be  done  by  artificial  drying  at  high  temperatures,  it  loses  to  a  large 

degree  its  property  of  absorbing  moisture  from  the  air. 

* 

CHEMICAL  EFFECTS  OF  ABTIFICIAIi  DBYINa. 

The  commonly  used  method  of  drying  peat  for  fuel  is  by  exposure 

to  the  air,  either  in  the  sunshine  or  under  shelter,  but  as  this  process, 
on  account  of  changeable  weather  conditions,  is  a  slow  and  somewhat 
uncertain  way  of  getting  results,  many  artificial  drying  systems 
have  been  proposed  or  actually  tried.    At  this  point  in  the  dis^ 
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cussion,  however,  the  chemical  effects  are  to  be  considered  rather 
than  the  processes  of  drying. 

There  seems  to  be  a  sUght  chemical  change  in  peat  that  is  dried 
in  the  air  without  heat  owing,  in  part  at  least,  to  the  contact  of  the 
oxygen  of  the  air  with  the  peat  as  it  is  drying.  The  most  obvious 
evidence  of  change  is  the  blackening  of  the  peat  while  it  is  stm  wet, 
especially  after  it  has  been  thoroughly  macerated;  the  discoloration 
often  begins  as  soon  as  the  peat  is  cut.  Whether  there  is  any  change 
in  weight  accompanying  the  change  of  color  from  brown  to  black 
has  not  been  determined. 

Various  observers  have  noted  that  peat  loses  in  weight  when 
heated  at  about  the  boiling  point  of  water,  and  some  have  supposed 
this  loss  to  be  due  in  part  to  the  distillation  of  combustible  gases. 
It  seems  more  probable,  however,  that  a  part  of  the  chemically  com- 
bined water  of  the  compUcated  compounds  making  up  the  peat  is 
driven  off  at  these  lower  temperatures  and  that  little  if  any  combus- 
tible gas  escapes. 

Bomstein*  reports  that  brown  peat  with  17  per  cent  of  water, 
when  distilled  in  a  retort  closed  at  one  end,  gave  water  at  100^  C. 
(212°  F.),  gas  at  250°  C.  (482°  F.),  tar  at  325°  C.  (617°  F.),  and 
combustible  gases  at  400°  C.  (752°  F.). 

If  the  material  used  was  representative,  little  gaseous  matter  of 
value  is  driven  off  from  peat  until  heating  is  carried  well  above  the 
boiling  point  of  water.  The  elimination  of  incombustible  gases 
at  about  500°  F.  and  the  use  of  higher  temperatures  for  drying, 
although  reducing  the  weight  of  the  substance  to  some  extent, 
should  undoubtedly  increase  the  calorific  value  by  so  much  as  the 
carbon  is  increased  in  proportion  to  the  other  constituents.  Clearly, 
therefore,  artificial  drying  may  decrease  the  weight  of  the  peat 
treated,  but  it  will  also  increase  the  fuel  value.  The  latter  cause, 
as  noted  above,  operates  to  give  the  high  fuel  value  to  peat  briquetted 
after  artificial  drying. 

PRACTICAL  OB  BCOXOMIC  CALORIFIC  VALT7E  AND  BVAPOBATIVB 

EFFECT  OF  PEAT. 

The  economic  calorific  effect  of"  a  fuel  used  under  most  favorable 
circimistances  in  practice  may  be  expressed  in  the  number  of  units 
of  weight  of  water  that  can  be  raised  from  the  freezing  to  the  boiling 
point  of  water  and  converted  into  steam  by  the  heat  developed 
by  the  combustion  of  a  single  corresponding  unit  of  the  given  fuel. 
The  units  of  weight  used  are  the  gram  (or  kilogram)  or  the  pound, 
according  as  the  metric  or  the  English  system  of  weights  prevails. 
The  practical  calorific  value  of  any  fuel  is  manifestly  to  be  derived 

from  the  previously  ascertained  theoretical  heating  value  stated  in 

■  .        I  — ■  — — — —  '      ■ 

a  Jour.  f.  Gasbel.,  vol.  44^  p.  627* 
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thermal  unitS;  if  the  number  of  these  units  required  to  convert  a  unit 
weight  of  water  at  the  boiling  point  into  steam  of  the  same  tempera- 
ture be  known.  This  value  has  been  found  to  be  536  calories,  and 
as  the  number  of  heat  units  required  to  raise  a  given  body  of  water 
from  the  freezing  to  the  boiling  point  under  normal  atmospheric  pres- 
sure is  practically  always  the  same  (100  calories  or  180  B.  t.  u.),  the 
evaporative  effect  of  a  pound  of  peat  may  be  ascertained  by  dividing 
its  heating  value  stated  in  calories  by  536,  or,  if  stated  in  British 
thermal  units,  by  965.  The  result  will  be  the  number  of  pounds  of 
water  that  the  combustion  of  a  pound  of  peat  will  convert  into  steam 
after  the  boiling  point  is  reached.  This  amount  will  be  reduced,  how- 
ever, by  the  number  of  heat  units  lost  in  raising  the  temperature  of 
the  water  to  the  boiling  point;  it  vdll  also  be  reduced  through  the 
inefficiency  of  the  boilers  used.  In  practice  the  reduction  will  vary 
from  a  fourth  to  a  third  of  the  whole  as  determined  above,  so  that 
the  practical  calorific  value  expressed  in  pounds  may  be  from  two- 
thirds  to  three-quarters  the  evaporative  effect. 

The  following  table  cited  from  Ryan"  shows  the  comparative 
economic  calorific  value  of  several  types  of  fuel: 

Averoge  economic  heating  effecU  of  ordinary  fueU  of  European  origin. 


• 

Kind  of  fuel. 

Quantity 

of  water 

evaporated 

per  pound 

ofiuel. 

Kind  of  fuel. 

Quantity 

of  water 

evaporated 

per  pound 

ofiuel. 

Coal 

Povmdi, 
6.5 
4.5 
8.5 

Peat 

Poimdf. 
3.5 

XJimltA, . , 

Marh^n^ I>wt-. . . .  T r  ,        T 

4.8 

tfV°'  ,  ••••• 

Wood 

Lyons  ^  gives  the  theoretical  evaporative  effect  of  Indiana  peat,  as 
compared  with  coal  from  the  same  State,  as  follows:  « 

Evaporative  effect  of  Indiana  peat  and  coal. 


Coal... 
Peat... 


Number  of 

samples 

analysed. 


20 
29 


Evaporative  effect  (pounds  of 
water  per  pound  of  fuel). 


Maximum. 


13.4 
10.8 


Minimum. 


12.1 

4.7 


Average. 


12.8 
8.0 


The  following  table  has  been  compiled  from  fuel  tests  made  by  the 
United  States  Geological  Survey  *  at  St.  Louis,  Mo.    The  data  were 

a  Ryan,  H.,  Econ.  Proo.  Royal  Dublin  8oc.,  vol.  1,  pt.  13, 1908,  p.  468. 

»  Lyons,  R.  E.,  Thlrty-flcBt  Ann.  Rept.  Ind.  Dept.  Geology  and  Nat.  Hist,  1906,  p.  102. 

0  Vf  S.  Qeol,  Sprvey  Bi^l.  Np.  839r 
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obtained  from  actual  boiler  tests^  and  the  number  of  pounds  of  water 
evaporated  at  212®  F.  per  pound  of  fuel  used  was  calculated  sepa- 
rately for  each  test. 

Fuel  tests  made  by  the  United  States  Geological  Survey  at  St,  Louis,  190&-7. 


Test 
No. 


386 
410 
294 
840 
420 
432 
311 
402 
486 
409 
467 
510 
401 
201 
476 
290 


Source  of  fuel. 


Florida 

Alabama 

Arkansas 

do 

nUnols 

Indiana 

Kansas 

Kentucky 

Missoiul 

Ohio 

Pennsylvania. 
do 

Rhode  Island . 

Texas 

Virginia 

Washington.. 


Type  of  fuel. 


Compressed  or  machine  peat. 

Bituminous  coal 

....do 

Lignite 

Bituminous  coal 

....do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Graphitic  anthracite. 

Lignite 

Anthracite  (pea  coal) , 
Subbltomlnous  ooal. . 


Pounds  of  water  evap- 

orated at  212*  F..per 

pound  of 

"^ 

Dry  fuel 

Fuel  as 

used. 

flred. 

6.04 

5.00 

9.00 

8.60 

8.84 

8.35 

6.86 

8.59 

8.40 

7.67 

8.60 

8.02 

7.88 

7.23 

8.61 

7.92 

6.66 

6.36 

9.28 

8.90 

10.04 

9.65 

8.92 

8.46 

4.93 

4.81 

6.90 

4.40 

7.83 

7.46 

7.44 

6.25 

Percentage 
of  water  m 

ftielas 

flred. 


17.21 
8.43 
5.55 

88.75 
8.72 

12.79 
8.28 
8.04 
4.51 
4.10 
8.90 
5.15 
2.83 

86.27 
4.73 

15.96 


This  comparison  includes  only  a  single  specimen  of  peat,  used  for  a 
comparatively  short  time,  and  of  necessity  prevents  the  reaching  of 
any  general  conclusions  of  value,  but  the  confirmation  which  it  gives 
to  other  estimates  of  the  relative  value  of  peat  is  striking.  The  coal 
samples  used  for  the  tests  were  generally  run-of-mine,  carload  lots, 
shipped  under  the  inspection  of  the  United  States  Geological  Survey, 
and  tested  under  known  conditions. 

The  table  shows  that  slightly  more  than  60  per  cent  as  much  water 
per  pound  was  evaporated  from  the  peat  as  from  the  best  sample  of 
bituminous  coal  cited,  when  considered  on  the  water-free  basis,  and 
51.8  per  cent  as  much  per  pound  when  compared  *'as  fired."  On  the 
other  hand,  the  figures  are  90.7  and  75.5  per  cent  when  comparison  is 
made  with  the  poorest  of  the  bituminous  coals  or,  for  the  average  of 
the  10  samples  listed,  70  per  cent  for  the  water-free  fuels,  and  61.6 
per  cent  for  the  fuels  as  fired. 

The  peat  gave  better  results  than  the  graphitic  anthracite  from 
Rhode  Island,  which  evaporated  only  81.4  per  cent  as  much  water  on 
the  dry  and  96  per  cent  as  much  on  the  ^'as  fired"  basis.  Compared 
with  the  pea-size  Virginia  anthracite,  the  peat  was  77  per  cent  as 
valuable  *'as  fired."  The  subbituminous  coal  from  Washington 
evaporated  about  20  per  cent  more  water  than  the  peat  in  each  form 
of  statement. 

In  the  case  of  the  lignites,  the  sample  from  Texas  was  13  per  cent 
better  as  dry  fuel,  but  its  large  percentage  of  moisture  reduced  its 
value  to  88  per  cent  of  that  of  the  peat  as  fired;  that  from  Arkansas 
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had  97  per  cent  of  the  value  of  the  peat  on  the  dry  basis  and  abou^ 
72  per  cent  as  fired. 

The  peat  used  was  of  good  quality,  as  shown  by  the  accompanying 
proximate  analysis: 

ProximaU  chemioal  analysis  of  Florida  No.  1  peat, 

(Used  in  steaming  test  38S.) 

Moistuie 17.21 

Volatile  matter 61. 01 

Fixed  carbon 24. 85 

Ajah : 6.93 

Sulphur 49 

B.  t.  u.  per  pound  of  dry  fuel 10, 082 

In  a  preliminary  report  ^  of  the  steaming  test  with  peat  on  which 
this  discussion  is  based,  the  statement  is  made  that  ''No  difficulty 
was  encountered  in  keeping  the  boiler  up  to  its  rated  capacity,  and  in 
fact  during  the  four  hours'  run  the  percentage  of  rated  horsepower  of 
the  boiler  developed  was  113.2.  The  amount  of  peat  burned  per 
indicated  horsepower  hour  at  the  steam  engine  was  5.66  pounds,  and 
per  electrical  horsepower  hour  at  the  switchboard  was  6.98  pounds. 
The  principal  difficulty  in  the  utilization  of  peat  under  boilers  appears 
to  be  the  frequency  with  which  it  must  be  fired.  On  account  of  the 
lightness  of  the  material  and  also  on  account  of  its  rapid  combustion 
the  fireman  was  kept  at  work  almost  constantly  during  the  test." 

IMPBOVEMENTS   PROBABLE. 

There  are  strong  probabilities  that  with  more  experience  with  peat 
fuel,  and  consequent  better  adjustment  of  the  drafts  and  dight 
modification  of  the  fire  box,  the  difficulties  mentioned  above  would 
have  been  largely  obviated,  and  at  the  same  time  a  somewhat  smaller 
consumption  of  fuel  would  have  been  obtained  with  no  material 
decrease  in  the  efficiency  of  the  boiler.  These  probabilities  are 
strongly  supported  by  the  statements  of  users  of  peat  who  have  given 
it  prolonged  trial  for  boiler  use;  they  state  that  it  requires  much  less 
draft  than  coal.  A  fire  of  peat  is  claimed  to  raise  steam  in  a  boiler  in 
about  one-half  the  time  taken  by  a  coal  fire;  the  fire  is  said  to  be 
lasting,  nearly  or  quite  smokeless  and  to  make  a  very  light,  powdery 
ash,  which  does  not  fuse  readily,  if  at  all,  so  that  there  are  no  clinkers 
produced.  Further  claim  is  made  that  no  unconsumed  fuel  is  left  as 
cinders  either  in  the  fire  box  or  in  the  ash  pit.  Because  the  com- 
bustion is  complete,  no  soot  is  deposited,  and  by  reason  of  the  small 
percentage  of  sulphur  present  in  the  fresh-water  peats,  scaling  and 
other  forms  of  corrosion  of  grate  bars,  fire  box,  and  boiler  are  reduced 
to  a  ininimum;  the  boiler  flues  are  generally  left  entirely  without  any 

a  U.  8.  Oeol.  Sarvey  BuU.  No.  290,  p.  135.    (Now  out  of  print.) 
Ml*— Bull,  lfr-11 5 
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fonn  of  deposit  except,  in  rather  unusual  cases,  a  small  quantity  of 
very  powdery  ash.  The  lightness  of  the  peat  makes  it  the  most 
easily  handled  of  all  solid  fuels,  and  it  can  be  placed  on  the  fire 
exactly  where  needed. 

ACnON   OF  VOLATILE   HTDBOCARBONS. 

As  has  been  noted,  the  volatile  hydrocarbons  of  peat  are  not  driven 
off  as  black  smoke,  as  are  those  of  bituminous  coal,  but  are  consumed 
in  the  fire  box  above  the  fuel  bed,  thus  quickly  giving  a  high  temperar- 
ture;  by  this  means  steam  is  generated  rapidly  and  the  supply  is 
maintained  by  the  slower  combustion  of  the  fixed  carbon  of  the  fuel 
bed.  The  actual  efficiency  of  peat  when  properly  fired  in  a  well- 
designed  fire  box,  as  compared  with  the  theoretical  calorific  value,  is 
apparently  greater  than  would  be  expected,  because  of  its  ready 
ignition,  complete  combustion,  as  well  as  its  freedom  from  cinders, 
clinkers,  sparks,  soot,  smoke,  and  deposition  of  heat-absorbing  com- 
pounds on  the  fire  box  and  in  the  boiler  flues.  On  the  other  hand, 
coal  yields  a  large  amount  of  ash  and  soot,  which  clog  the  flues,  and 
corrosive  gases,  which  cover  the  boiler  and  any  metal  surfaces  with 
which  they  come  in  contact  with  a  constantly  thickening  incrustation 
of  rust;  a  considerable  percentage  of  the  good  coal  fails  to  bum,  and 
the  fusible  character  of  the  ash  makes  slag  and  clinkers  a  constant 
source  of  annoyance  as  well  as  loss  of  heat.  These  factors  reduce  the 
efficiency  of  most  kinds  of  coal  more  than  is  commonly  appreciated, 
because  each  lowers  the  steam-generating  power  of  the  fuel  and 
lessens  by  so  much  its  theoretical  superiority  over  peat  in  ordinaiy 
boiler  practice. 

Even  if  the  truth  of  these  comparisons  were  not  apparent,  some 
sacrifices  of  heating  value  could  seemingly  be  tolerated  in  view  of  the 
smokeless  feature  of  peat  combustion  as  compared  with  the  constantly 
mcreasing  losses  of  the  public  from  damage  to  and  defacement  of 
property  and  probable  injury  to  health  directly  traceable  to  the 
smoke  of  bituminous  coal. 


PBEPAIIATION'  ANT>  MANUFACTTIRE  OF  PEAT  FUEL. 
BSSBNTIAL  FBBUMINABT  OONSIDBBATIOKS. 

The  preceding  sections  of  this  paper  have  discussed  at  length  the 
occurrence  and  origin  of  peat  and  those  of  its  qualities  which  appear 
to  be  of  most  importance  relative  to  its  value  as  fuel,  and  which  need 
to  be  taken  into  account  in  making  it  into  a  marketable  fuel  on  a 
large  scale. 

Before  such  production  can  be  made  commercially  successful  on 
any  scale,  however,  other  factors  than  those  pertaining  solely  to  the 
properties  of  peat  and  its  fitness  for  specific  use  must  be  considered. 
Some  of  these  are  presented  here  as  preliminary  to  the  more  technical 
part  of  the  paper,  because  the  success  or  failure  of  all  attempts  to 
make  any  product  from  peat  must  be  based  upon  them,  and  'because 
they  are  so  often  overlooked  or  deliberately  ignored  by  those  about 
to  enter  upon  or  promote  the  manufacture  of  peat  products.  The 
need  of  such  a  discussion  is  emphasized  by  a  glance  at  the  history 
of  the  numerous  attempts  at  peat-fuel  manufacture  that  have  been 
made  in  the  United  States  during  the  last  50  years.  Large  sums  of 
money,  aggregating  many  hundreds  of  thousands  of  dollars,  have 
been  spent  upon  such  ventures,  yet  practically  no  financial  returns 
have  been  received  from  them  by  their  supporters. 

These  facts  are  so  well  known  in  some  sections  of  the  country  where 
there  are  numerous  peat  deposits  that  a  large  part  of  the  conservative 
investing  public  can  no  longer  be  interested  in  any  enterprise  based 
on  peat  utilization,  no  matter  how  attractively  it  may  be  presented. 
This  section  of  the  report  is  designed  to  show  that  causes  which  are 
avoidable  have  been  chiefly  responsible  for  the  losses  and  failures  of 
peat  enterprises  of  the  past — not  a  lack  of  desirable  qualities  existing 
primarily  in  the  peat  itself  and  in  the  products  made  from  it. 

EBRORS  THAT  HAVE   CAUSED  PAST  FAILTTBES. 

To  state  the  matter  simply,  the  study  of  unsuccessful  peat-fuel 
plants  in  this  country,  and  an  analysis  of  their  history,  emphasizes 
the  fact  that  a  number  of  important  matters  must  be  taken  into 
account  before  any  peat  bog  can  be  made  the  source  of  a  paying  busi- 
ness, even  when  the  peat  is  of  good  quality,  and  can  be  shown  to  be 
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valuable  fuel  if  ri^fly  treated.  It  seems  clearly  obvious  from  such 
examination  that  much  of  the  lack  of  success  observed  has  been  due 
to  failure  to  take  such  factors  into  account,  to  ignorance  of  their 
existence,  or  to  too  great  optimism  when  they  were  under  considera- 
tion. 

IGNORANCE  AND  INEZPBRIBNCB. 

The  most  important  single 'group  of*  such  errors  may  be  charged, 
perhaps,  to  ignorance  and  inexperience.  Ignorance  is  not  excus- 
able, however,  since  there  is  a  very  considerable  mass  of  Uterature 
in  nearly  every  European  language,  which  details  at  length  records 
of  the  theoretical  and  business  experience  gained  during  more  than 
a  hundred  years  of  experiments.  Although  these  experimental  data 
have  been  gathered  under  economic  conditions  differing  somewhat 
from  those  in  America,  the  difference  is  not  so  great  that  the  results 
can  not  be  made  applicable  here;  to  entirely  overlook  or  throw  them 
aside  is  to  invite  failure  when  success  might  almost  as  easily  be 
attained.  For  example,  much  greater  progress  could  be  made  in  a 
given  time  by  taking  the  best  types  of  European  machinery  and  proc- 
esses for  manufacturing  peat  and  improving  them  than  by  begin- 
ning anew  and  working  out  similar  ones  independently.  Large  sums 
of  money  and  much  disappointment  would  also  be  saved. 

FAXTLTT  ENOINEERINO. 

Many  of  the  difficulties  which  have  been  encountered  in  peat  utili- 
zation in  the  United  States,  as  well  as  some  of  the  failures,  may  be 
attributed  to  what  may  be  termed  "faulty  engineering."  Under  this 
head  may  be  grouped  mistakes  made  in  choosing  sites  for  the  erection 
of  plants;  poor  planning  and  erection;  unwise  selection  of  the  kind 
of  product  to  be  made  and  the  way  to  make  it;  the  choice  of  inefficient 
machinery  by  which  it  is  to  be  made;  and  even  in  imperfect  pros- 
pecting, surveying,  and  proving  up  peat  bogs. 

There  have  also  come  to  the  attention  of  the  writer  many  cas^  in 
which  certain  fundamental  business  considerations  seemingly  have 
been  ignored  or  overlooked,  thus  predestining  the  ultimate  collapse 
of  the  enterprises. 

As  the  results  of  overlooking  or  neglecting  these  factors  have  been 
observed  in  many  parts  of  the  country,  persons  who,  without  previous 
experience,  are  considering  investment  in  some  form  of  peat  utiliza- 
tion, may  be  helped  by  a  brief  statement  of  some  of  the  economic  and 
related  principles  that  must  govern  the  founding  and  successful 
growth  of  any  business  that  has  the  use  of  peat  as  a  basis.  Atten- 
tion may  in  this  way  be  directed  to  some  of  the  dangers  of  loss  which 
may  be  encountered  as  the  result  of  inexperience. 
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7ACTOBS  GOVBBNINO  PROFITABLE  TTTILIZATIOK  OF  PEAT 

DEPOSITS. 

MARKET. 

One  of  the  first  objections  which  is  raised  against  the  use  of  peat 
for  fuel  is  the  one  made  by  economists  and  others  that  the  country  is 
already  so  well  supplied  with  good  fuel  in  other  forms,  such  as  wood, 
coal;  oily  and  gas,  that  there  will  be  no  sale  for  peat;  they  contend,  a 
priori,  that  there  will  be  no  market  for  peat  fuel;  hence  inyestigation 
of  its  possibilities  is  useless.  The  market  is  rightly  considered  to  be 
the  most  important  factor  and  the  one  upon  which  the  {ate  of  any 
peat  development  must  hinge,  for  unless  the  product  of  an  industry 
finds  a  ready  sale  at  prices  which  will  meet  all  costs,  maintain  the 
the  plant,  and  give  a  profit  on  the  capital  invested,  there  can  be  no 
permanence  to  it — in  fact,  no  industry. 

At  first  thought,  any  desirable  type  of  fuel,  would  seemingly  find 
a  ready  sale  at  good  prices,  but  more  careful  consideration  will  raise 
the  question  as  to  whether  a  substance  Uke  peat,  which  is  quite  im- 
known  and  untried  in  most  American  fuel  markets,  will  be  accepted 
by  any  number  of  buyers  imtil  they  have  learned  by  experience  that 
it  may  be  depended  upon.  Experience  shows  that  most  people  are 
conservative  in  adopting  new  materials  in  place  of  those  which  they 
have  long  known  and  have  found  satisfactory.  The  conclusion  may 
be  drawn,  therefore,  that  the  market  for  any  form  of  peat,  as  for  other 
new  materials,  must  generally  be  won  by  slow  and  persistent  effort,  in 
which  a  first-rate  product,  skillful  manufacture,  careful  advertising, 
and  constant  demonstration  must  be  combined. 

The  important  markets  for  fuel  are  located  in  the  larger  towns  and 
cities;  hence  a  peat-fuel  factory  should  be  situated  where  one  or  more 
large  centers  of  population  and  manufacture  can  be  worked  up  for  a 
market.  It  must  be  remembered,  however,  that  the  fuel  trade  in  such 
places  is  thoroughly  and  closely  organized,  and  therefore  opposition 
must  be  expected  to  any  new  and  independent  product.  This  opposi- 
tion, if  effective,  will  result  in  reduced  sales,  in  lower  prices,  and 
obviously  in  smaller  profits  during  the  stage  while  competition  from 
these  agencies  is  active. 

A  good  market,  then,  generally  must  be  built  up.  Not  less  than  five 
years  after  peat  fuel  is  put  on  a  given  market  would  probably  be 
needed  for  it  to  find  its  proper  place  among  other  fuels.  At  the  end 
of  the  period  peat  could  hardly  be  expected  to  form  more  than  10 
per  cent  of  the  entire  quantity  of  fuel  used  for  all  purposes  in  the  region 
surrounding  the  proposed  plant. 

Conversely,  time  is  needed  in  all  new  manufacturing  enterprises  to 
get  the  plant  to  a  stage  where  its  efficiency  permits  other  than  slow 
and  expensive  production.    This  period  of  development  ought  to  be 
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the  time  when  a  market  is  being  secured  and  established  so  that  the 
product  as  fast  as  it  can  be  made  will  be  taken  at  fair  prices,  and  so 
that  as  soon  as  a  full  and  satisfactory  output  is  attained  the  whole  of 
it  can  be  sold  with  profit. 

So  far  as  can  be  seen  at  present,  or  can  be  judged  from  European 
experience,  it  will  not  be  feasible  to  send  peat  fuel  long  distances  by 
rail.  Indeed,  the  closer  to  a  good  market  that  it  can  be  produced,  the 
more  certain  will  be  the  chances  of  success.  The  abundance  and 
prices  of  other  kinds  of  fuel,  the  means  of  transportation,  the  attitude 
of  the  transportation  companies,  the  conservatism  of  the  population, 
and  the  way  in  which  the  peat  is  prepared  will  all  be  factors  in  deter- 
mining the  maximum  distance  that  can  be  reached  by  a  given  peat- 
fuel  factory.  This  maximum  distance  will  presumably  be  less  than 
50  miles  for  a  long  time  after  the  factory  has  reached  a  productive 
stage. 

The  market  within  this  radius  can  be  secured  only  by  making  a 
imiform  product  with  enough  good  qualities  to  displace  fuels  which 
have  been  known  long  before  the  time  of  its  introduction.  The  peat 
must  be  fairly  and  honestly  shown  to  be  really  desirable,  and  the  more 
honestly  the  demonstration  is  made  the  more  profitable  will  be  the  final 
outcome. 

TEANSPOBTATION  FACILrriES. 

It  will  probably  not  be  possible  for  a  long  time  in  the  future  to 
utilize  as  a  source  of  fuel  peat  bogs  that  are  unfavorably  located  in 
respect  to  lines  of  railroad  already  built,  or  to  water  routes,  such  as 
rivers,  lakes,  and  canals.  The  possible  exception  lies  in  bogs  which 
may  be  utilized  by  producer-gas  plants  where  the  peat  is  converted 
into  electric  energy  at  the  bog,  or  into  fuel  gas  that  may  be  conveyed 
by  pipe  lines  to  the  places  where  it  is  to  be  used.  Both  of  these  uses 
are  quite  practicable,  but  are  likely  to  be  slowly  developed,  because 
of  the  conservatism  of  capital  in  taking  up  entirely  new  lines  of 
investment. 

It  is  important,  therefore,  to  be  assured  that  good  transportation 
lines  to  the  site  chosen  for  a  peat-fuel  plant  are  already  in  existence^ 
or  will  be  before  the  plant  is  built.  The  cost  of  every  item  is  so  much 
increased  where  teaming  is  necessary,  that,  except  on  a  very  small  scale, 
a  plant  can  not  be  established  and  brought  to  a  successful  production 
with  this  sort  of  transportation.  The  Umit  to  which  the  finished 
peat  fuel  can  be  drawn  by  horses  and  sold  at  a  profit  is  easily  deter- 
mined when  the  cost  of  production  is  added  to  other  charges,  includ- 
ing the  cost  of  men  and  teams,  and  subtracted  from  the  selling  price. 
Failure  to  secure  steam  or  water  transportation  to  the  factory*  has 
obviously  been  the  cause  of  failure  of  a  very  considerable  number  of 
peat-fuel  plants,  either  before  they  were  fully  developed  or  soon 
afterwards. 
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LOCATION. 

Closely  connected  with  the  factors  which  have  been  mentioned  is 
that  of  choice  of  location  of  a  bog  on  which  to  estabUsh  peat  opera- 
tions. Too  much  importance  can  scarcely  be  attached  to  this,  as 
the  success  of  the  enterprise  depends  not  so  much  upon  the  quantity 
of  peat  to  be  manufactured  as  upon  the  cost  of  production  and  market- 
ing as  compared  with  the  price  at  which  sales  can  be  made.  Clearly, 
therefore,  a  small,  favorably  located  bog  is  preferable  for  experimental 
exploitation  to  a  large  one  remote  from  market,  transportation  lines, 
and  cheap  labor,  supply. 

The  margin  of  profit  on  the  finished  product  of  any  type  of  peat- 
fuel  plant  will  be  so  small,  because  of  the  low  price  at  which  it  must 
be  sold  in  competition  with  coal  and  wood,  that  no  extra  charges 
should  be  placed  on  its  production  by  a  choice  of  location  that  will 
entail  a  high  cost  for  labor  and  maintenance,  and  slow,  uncertain, 
and  expensive  transportation  to  market.  The  greed  that  urges 
the  promotors  of  projected  enterprises  to  get  the  largest  possible 
quantity  of  raw  material  may  bUnd  them  to  the  handicaps  caused 
by  its  location,  and  thus  bring  the  entire  investment  to  a  disastrous 
end. 

AVAILABLE   CAPITAL   AND  QUANTITY  OF  PEAT. 

An  estimate  of  the  hfe  of  the  plant,  its  size,  and  consequently  the 
amount  of  money  invested,  must  be  determined  by  the  total  quan- 
tity of  good  peat  in  the  bog  selected  for  exploitation;  hence  an  ap- 
proximately accurate  knowledge  of  how  much  peat  can  be  had  is 
essential  before  other  plans  are  made,  especially  if  the  deposit  is  of 
small  area  and  depth.  If  it  is  very  large,  the  need  of  care  in  this 
respect  is  not  so  great  as  when  the  quantity  is  clearly  limited;  in  all 
cases,  however,  sufiiciently  exact  tests  should  be  made  to  insure  the 
fact  that  the  projected  investment  is  justified  by  the  quantity  of  good 
raw  material  available. 

The  prosperity  of  the  enterprise  and  the  retiuns  from  the  invest- 
ment will  depend  upon  the  salabiUty  of  the  output  and  the  reputa- 
tion which  it  wins  among  fuel  consumers.  These,  in  turn,  must  be 
based  upon  the  quaUty  of  the  peat,  its  fuel  value,  structure,  ash  con- 
tent, and  the  kind  of  fuel  that  it  makes.  In  considerable  measure, 
also,  some  of  these  factors  control  the  cost  of  production,  because 
upon  them  depends  the  ease  and  consequent  cheapness  with  which 
the  peat  can  be  dug  and  made  ready  for  market. 

PRACTICAL  METHOD  OP  COMPUTATION. 

The  quantity  of  peat  in  a  given  deposit  may  be  determined  with 
sufficient  accuracy  for  practical  purposes  by  finding  its  total  area 
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and  average  depth;  and  assuming  that  at  least  200  tons  of  air-diy 
machine  peat  can  be  made  per  acre  for  each  foot  in  depth.  Some 
heavy  types  of  peat  will  yield  more  than  this,  and  the  figure  is  seem- 
ingly conservative  for  American  peats,  which  in  practice  generally 
give  a  dense,  heavy  product. 

SMALLEST  WORKABLE  SIZE  OF  BOO. 

So  many  erroneous  ideas  have  been  expressed  as  to  the  lower  limit 
of  size  of  bogs  that  may  be  used  for  making  peat  fuel  that  the  follow- 
ing illustration  is  cited  to  show  that  in  Europe  bogs  of  small  size  are 
used  even  where  considerable  investments  are  made.  At  Skabersjo, 
Sweden,  a  producer-gas  plant  equipped  for  generating  electricity, 
and  costing  several  thousands  of  dollars,  has  been  erjdcted  at  a  peat 
deposit  37  acres  in  area  and  averaging  5  feet  deep.  The  life  of  the 
plant  is  estimated  at  30  years  at  the  present  rate  of  consumption  of 
fuel,  of  which  there  is  estimated  to  be  44,500  tons  available.  There 
are  other  bogs  in  the  neighborhood  which  may  be  used  after  the  one 
now  in  use  is  exhausted,  but  none  is  of  great  size.  The  plant  develops 
300  horsepower. 

The  illustration  mentioned  indicates  that  small  deposits  of  peat 
of  small  average  depth  will  justify  exploitation  if  the  plans  formed 
are  not  too  ambitious,  as  the  annual  production  of  1,000  or  1,500 
tons  of  peat  fuel  can  be  assured  for  a  long  period  of  years  from  such 
bogs  as  the  one  cited.  Such  a  quantity  may  be  sufficient  to  furnish 
aU  that  will  be  taken  by  a  good-sized  conamunity  for  several  years 
after  a  plant  is  built.  It  should  aJso  be  taken  into  accoimt  that  a 
number  of  years  would  probably  elapse  before  so  large  an  output 
could  be  made  by  the  plant  or  be  taken  by  local  markets. 

There  are  many  small  towns  in  the  northern  United  States  near 
which  are  sufficiently  large  beds  of  peat  to  supply  electric  current 
for  many  years  for  Ughting  and  other  uses.  Likewise,  power  for  fac- 
tories and  mines — where  now  the  fuel  used  is  coal  sMpped  by  rail 
from  distant  mines — ^might  be  cheaply  obtained  from  near-by  peat 
beds. 

The  physical  properties  of  the  peat  beds  tmder  consideration 
should  be  such  that  the  raw  material  may  be  easily  dug  and  easily 
and  rapidly  put  into  the  desired  form  of  product  with  the  chosen 
machinery.  If  condensed  or  macliine  peat  to  be  shipped  from  bog 
to  market  by  raU  is  the  product  decided  upon,  the  peat  should  not 
be  very  fibrous  or  woody.  These  qualities,  however,  do  not  reduce 
its  value  so  much  for  locaJ  use,  except  as  stmnps  and  other  remains 
of  trees  increase  the  cost  of  digging,  which  in  most  cases  will  be 
small  per  ton  of  final  product. 
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METHODS  OF  PROSPECTINO  PEAT    BOGS   AND  ESTIMATING  THEIB 

CONTENTS. 

Peat  beds  of  laxge  area  and  considerable  average  depth  are  rather 
rare  in  the  United  States,  and  where  they  do  occur  are  often  so 
located  with  respect  to  lines  of  transportation  or  to  markets  that 
they  could  not  be  used  at  present  except  for  the  production  of  gas 
for  power  generation.  Bogs  of  this  class  need  Uttle  careful  prospect- 
ing, as  the  quantity  of  peat  in  them  is  very  large,  and  ordinary  errors 
in  the  relation  of  the  estimated  quantity  to  that  actually  present 
may  be  disregarded  when  a  quantity  of  material  sufficient  to  warrant 
exploitation  is  known  to  be  present. 

There  is  greater  need  of  carefully  testing  bogs  of  small  area,  and 
the  cost  of  doing  this  is  relatively  small.  After  the  area  has  been 
found  by  an  ordinary  land  survey,  a  series  of  parallel,  uniformly 
spaced  lines  should  be  laid  out  at  right  angles  to  the  long  axis  of 
the  bog  and  entirely  across  its  surface.  Along  the  lines  test  hole9 
to  the  bottom  of  the  deposit  should  be  made  to  determine  its  varia- 
tions in  depth.  The  intervals  between  the  holes  should  be  of  the 
same  length,  and  in  final  proving  up  should  be  dug  as  deep  as  possi- 
ble with  a  spade  or  post-hole  digger.  An  earth  auger  with  an  open 
spiral  or  a  ship  auger  of  similar  construction  may  be  welded  to  a  sec- 
tion of  half-inch  gas  pipe,  and  used  for  sounding  the  depth  and  for 
taking  from  below  the  surface  samples  for  chemical  analysis.  If 
the  tool  is  to  be  used  often,  3  or  4  foot  lengths  of  pipe,  provided  at 
one  end  with  a  carefully  fitted  coupling  and  at  the  other  with  a  thread 
which  fits  the  coupling,  Moll  be  found  convenient.  The  coupling  may 
be  fastened  to  the  pipe  by  a  pin  which  prevents  its  unscrewing  from 
that  piece  when  another  section  is  joined  to  it. 

The  chief  objection  to  the  use  of  the  auger  Ues  in  the  fact  that  in 
deep  deposits  the  sample  taken  at  a  considerable  depth  may  be 
stripped  from  the  auger  as  it  is  drawn  up  and  may  be  replaced  by 
the  material  through  which  it  is  drawn,  so  that  the  origin  of  the 
sample  may  be  doubtful. 

A  much  more  exact  tool  is  one  devised  by  the  author  and  used  by 
him  with  great  satisfaction  for  several  seasons.  The  essential  part 
of  this  tool  is  a  stout  brass  tube  about  a  foot  long  and  seven-eighths 
of  an  inch  in  inside  diameter.  The  lower  edge  of  the  tube  is  sharp- 
ened, and  inside  the  upper  end  is  closely  fitted  and  riveted  a  shoulder 
or  ring  of  brass  one-sixteenth  of  an  inch  thick  to  serve  as  a  stop  for 
the  piston  and  catch.  Inside  the  cylinder  is  a  brass  piston  of  three- 
fourths  inch  rod  accurately  fitting  the  opening  in  the  upper  part  of 
the  tube  and  bushed  out  at  the  lower  end  by  a  ring  of  brass  to  fit 
the  cylinder.  This  lower  end  of  the  piston  is  slotted  on  one  side,  and 
in  the  slot  is  fastened  a  brass  spring  catch  which  automatically  locks 
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when  the  piston  is  drawn  up  and  out  of  the  cylinder.  ,  A  metal  peg  driven 
through  a  hole  in  the  piston  at  the  proper  distance  from  its  upper  end 
and  at  right  angles  to  its  long  axis  prevents  its  being  pushed  out 
of  the  cylinder  at  the  outlet  end.  The  whole  tool  can  be  quickly  and 
firmly  fastened  to  a  rod  of  gas  pipe  by  a  screw  thread  in  the  upper  end 
of  the  piston.  When  used,  this  tool  is  pushed  down  into  the  peat  the 
required  distance,  with  the  plunger  filling  the  cylinder.  A  sample  is 
taken  by  drawing  up  the  rod  and  the  attached  piston  until  the  catch 
is  heard  to  lock  at  the  top  of  the  cylinder,  after  which  the  cylinder  is 
pushed  down  into  the  peat  about  its  own  length.  This  action  fills  it 
unless  the  peat  is  very  wet  or  very  hard.  After  it  is  full  it  may  be 
drawn  to  the  surface  without  danger  of  loss.or  of  mixing  with  the  over- 
lying material.  The  inclosed  sample  may  then  be  pushed  from  the 
cylinder  by  unlocking  and  pushing  in  the  piston.  By  using  this  tool 
carefully  and  thoroughly  the  depth  and  character  of  any  peat  bed 
may  be  accurately  learned  with  a  relatively  small  expenditure  of 
time  and  labor.  Only  by  digging  with  a  shovel,  however,  can  be  had 
the  large-sized  samples  that  ought  to  be  used  in  final  tests.  The  large 
samples  are  more  satisfactory  for  examination  and  may  give  more 
characteristic  results  than  those  taken  with  the  testing  tool  described. 

BOOS  LTINO  BELOW  THB  OBOUND-WATEB  LEVEL  OR  CONTAINING  MARL. 

Small  and  medium  sized  bogs  which  fill  deep  depressions  below  the 
ground-water  level,  like  lake  basins,  may  be  expected  to  have  open 
water  or  a  layer  of  very  watery  peat  below  the  thick,  firm  turf  that 
forms  the  Upper  3  or  4  feet  of  the  bog  upon  which  large  trees  may 
grow.  Where  such  watery  deposits  occur  they  must  be  examined 
with  unusual  care,  because  the  amount  of  water  may  occupy  so 
much  of  the  basin  that  the  peat  could  not  be  worked  profitably.  In 
one  such  basin  in  Michigan,  where  the  turf  supported  a  growth  of 
trees  and  was  so  strong  that  a  railroad  was  built  upon  it  entirely 
across  the  basin,  more  than  60,000  cubic  yards  of  earth  were  used  to 
give  the  track  stability  after  the  traffic  had  become  so  heavy  that  the 
turf  woidd  no  longer  support  the  weight  of  the  grade,  tracks,  and 
train.  Manifestly,  this  bulk  of  earth  would  fill  only  a  small  part  of 
the  space  occupied  by  water  and  watery  peat  in  that  basin  which 
hasty  or  inefficient  testing  would  have  determined  to  be  filled  with 
compact  peat. 

The  possible  occurrence  of  marl  should  also  be  watched  for  in  basins 
the  upper  levels  of  which  have  good  peat  beds.  This  precaution 
should  be  taken  especially  in  those  parts  of  Wisconsin,  Michigan, 
Iowa,  Illinois,  and  Indiana,  where  the  ground  water,  as  shown  by  its 
hardness,  contains  much  lime  and  where  marl  deposits  are  of  frequent 
occurrence.  Such  deposits  are  often  covered  with  peat  to  the  depth 
of  several  feet  and  may  also  be  interbedded  with  it.    If  an  auger  or 
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ordinary  sounding  rod  is  used  in  testing  such  deposits  the  marl  may 
not  be  found  because,  as  indicated  above,  the  peat  of  the  top  strata 
may  replace  it  in  the  auger  and  lead  to  the  conclusion  that  the  entire 
deposit  is  of  peat  and  that  a  much  larger  quantity  is  available  than 
really  exists.  Beds  of  soft,  fine  clay  underlying  peat  in  basins  may 
be  equally  deceptive. 

APPROXIMATE  DETERMINATION  OF  PRODUCTIVENESS. 

If  a  close  approximation  of  the  actual  quantity  of  air-dried  machine 
peat  which  a  bog  contains  is  desired,  a  considerable  number  -of 
measured  cubic  yards  should  be  dug  from  different  parts  of  the  deposit 
and  from  different  depths  and  each  of  these  macerated  separately. 
After  thorough  drying  by  exposure  to  the  air  for  some  weeks  the 
resulting  blocks  should  be  weighed;  the  average  of  the  series  will  give 
the  number  of  pounds  of  marketable  material  per  cubic  yard,  and 
this  multiplied  into  the  number  of  cubic  yards  in  the  entire  deposit 
and  reduced  to  tons  will  give  approximately  the  total  weight  of  the 
entire  available  mass  of  peat.  The  more  thoroughly  the  sample 
cubic  yards  are  distributed  over  the  entire  area  and  depth  of  the  bog, 
the  more  valuable  the  data  obtained  will  be.  In  making  estimates 
and  the  tests  upon  which  they  are  based,  the  turf  and  the  poorly 
decomposed  top  stratum  of  peat  for  a  foot,  more  or  less,  below  the 
surface  is  not  usually  included. 

It  is  perhaps  worth  while  to  point  out  here  the  urgent  necessity  of 
having  all  surveying  and  testing  work  done  thoroughly  and  by  com- 
petent men,  as  money  expended  on  these  determinations  gives  infor- 
mation without  which  it  is  impossible  to  proceed  with  any  certainty 
to  the  making  of  investments;  lack  of  knowledge  or  a  wrong  estimate 
may  lead  to  overconfidence  and  serious  financial  loss,  or  to  entire 
failure. 

CHEMICAL  TESTS. 

The  use  and  kinds  of  chemical  tests  have  already  been  discussed, 
but  for  persons  who  may  wish  to  know  how  to  make  preliminary  exam- 
inations of  peat  for  themselves  the  following  directions  are  given. 
The  recommendation  is  made  that  any  preliminary  tests  be  confirmed 
before  the  peat  is  utilized  for  commercial  purposes.  Analyses  by  a 
competent  chemist  who  has  the  proper  apparatus  and  laboratory 
equipment  to  do  the  work  accurately  and  inexpensively  are  the  most 
satisfactory. 

The  equipment  needed  for  such  preliminary  tests  as  need  to  be  made 
are:  (1)  Some  form  of  weighing  apparatus  that  will  give  a  reasonable 
degree  of  accuracy.  If  the  scale  is  not  sensitive,  a  lai^e  sample  of 
peat  must  be  tested.  (2)  Some  form  of  metal  or  earthen  vessel  in 
which  the  peat  can  be  weighed  and  burned.    For  this  purpose  a  small 
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pressed  metal  cup  will  answer.  Before  using,  it  should  be  thoroughly 
heated  to  bum  or  melt  off  any  substances  that  would  later  be  lost  in 
this  way.  (3)  A  stove  or  burner  in  which  a  clear,  smokeless  fire  can 
be  kept  up;  a  gas  stove  is  ideal  for  the  purpose.  (4)  Metal  tongs  or 
forceps  for  use  in  handling  the  cup  when  it  is  hot. 

The  testing  of  peat  as  fuel  begins  with  the  air-dried  material, 
although  if  the  quantity  of  water  the  peat  contains  in  the  bog  is 
desired,  this  can  be  ascertained  by  taking  a  sample  just  as  it  is  dug 
and  keeping  it  in  a  tightly  closed  glass  fruit  jar  until  the  desired  tests 
can  be  made. 

To  find  the  percentage  of  water  in  the  peat,  a  sample  is  removed 
from  the  storage  jar  to  the  clean,  dry  cup,  which  should  be  weighed 
as  accurately  as  possible  beforehand  and  the  weight  recorded.  The 
combined  weight  of  the  sample  and  cup  is  next  ascertained  and  the 
weight  of  the  peat  obtained  by  difference.  The  cup  containing  the 
sample  may  then  be  placed  on  a  hot  steam  radiator  or  in  the  top  of  a 
vessel  of  boiling  water  and  dried  until  there  is  no  longer  loss  of  weight 
after  repeated  weighings.  The  difference  between  the  original  weight 
and  the  last  is  the  amount  of  water  evaporated.  By  the  same  method, 
the  percentage  of  water  in  an  air-dried  sample  can  be  found,  the 
drying  being  hastened  by  thoroughly  pulverizing  the  peat  before  it  is 
weighed.  In  drying  samples  in  these  operations  care  must  be  taken 
not  to  heat  the  peat  much  above  the  boiling  point  of  water  on  account 
of  the  ease  with  which  some  of  the  volatile  matter  is  driven  off, 
causing  too  great  a  loss  of  weight. 

After  the  water  is  all  driven  off  (a  state  indicated  by  no  loss  of 
weight  when  the  sample  is  reheated)  and  after  the  weight  of  the  sample 
is  correctly  noted,  the  residue  should  be  set  on  fire  and  carefully 
burned,  stirring  with  a  clean  wire  being  resorted  to  to  make  com- 
bustion complete.  When  the  ash  is  nearly  white,  and  no  uncon- 
sumed  particles  can  be  seen,  the  dish  should  be  allowed  to  stand 
till  cold  and  the  ash  and  dish  weighed.  The  weight  of  the  dish 
subtracted  from  the  weight  of  the  ash  and  the  dish  is  the  weight  of 
the  ash.  Peat  with  less  than  5  per  cent  of  ash  is  rated  as  good  for 
fuel ;  that  with  from  5  to  1 0  per  cent,  medium  good ;  and  that  with  more 
than  20  per  cent  is  generally  considered  too  high  in  ash  to  be  of  any 
value  for  commercial  exploitation,  except  for  use  in  a  good  gas  pro- 
ducer or  in  some  local  manufacturing  enterprise. 

If  it  is  desired  to  know  the  quantity  of  coke  that  a  given  peat  sample 
will  yield,  the  sample  should  be  weighed  in  a  cup  with  a  loosely  fitting 
cover,  and  the  cup  and  sample  placed  in  a  flame  or  a  clear  fire  and 
heated  to  redness  until  gas  ceases  to  come  off.  The  gas  will  take  fire 
around  the  cover,  and  as  long  as  it  bums  the  heating  should  be  con- 
tinued. As  soon  as  the  gas  is  all  driven  off,  the  cup,  tightly  covered, 
should  be  cooled  and  weighed  again.    The  difference  in  weight  is  the 
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weight  of  the  volatile  matter,  including  the  water  in  the  peat,  and 
the  residue  is  the  coke,  which  is  the  fixed  carbon  plus  the  ash. 

The  density  of  a  given  peat  may  be  determined  by  cutting  out  a 
block  of  such  shape  that  it  can  be  exactly  measured  and  comparing 
its  weight  with  that  of  the  same  number  of  cubic  inches  of  water. 
If  the  block  is  made  to  contain  an  exact  number  of  cubic  inches,  the 
operation  wiH  be  easier.  A  cubic  inch  of  water  at  60®  F.,  the  ordi- 
nary temperature  of  the  air  at  which  weighings  are  made,  weighs 
252^  grains. 

In  most  large  cities  cheap  laboratory  appliances  can  be  bought,  and 
these  will  serve  for  making  the  required  tests.  In  the  same  cities,  too, 
will  be  found  commercial  testing  laboratories  where  satisfactory  fuel- 
testing  work  is  done  at  reasonable  rates.  Practically  all  of  the  edu- 
cational institutions  with  courses  in  mechanical  engineering  or  tech- 
nical chemistry  also  have  good  equipment  for  making  fuel  analyses. 
The  essential  elements  to  be  obtained  for  comparison  are  the  ash  con- 
tent and  the  theoretical  fuel  value  expressed  in  calories  or  in  British 
thermal  units  (B.  t.  u.). 

MECHANICAL  TESTS. 

According  to  observation  and  experience  an  examination  into  the 
mechanical  structure  and  qualities  of  peat  is  of  more  value  than  a 
chemical  analysis.  This  is  especially  true  when  the  material  has  been 
selected  for  a  single  speciaUzed  use  requiring  a  large  outlay  of  money 
for  a  properly  equipped  plant.  The  importance  of  carefully  investi- 
gating the  deficiencies  of  peat,  as  well  as  its  good  qualities  for  the 
intended  use,  is  emphasized  and  should  not  be  overlooked.  The 
defects,  the  cost  and  difficulty  of  handling,  the  large  percentage  of 
water  and  waste  matter  as  compared  with  that  of  usable  material,  and 
other  quaUties  of  similar  nature  must  be  investigated.  The  more  spe- 
cific the  proposed  use  the  more  thorough  and  complete  should  be  the 
preliminary  investigations.  As  a  part  of  such  tests  the  selected  ma- 
chinery should  be  tried  under  conditions  as  nearly  as  possible  like 
those  of  the  factory,  with  large  samples  of  the  chosen  peat.  The  sam- 
ples should  be  of  not  less  than  a  ton  in  weight  and  of  larger  size  when 
they  can  be  had,  and  the  tests  should  be  made  before  any  plans  for 
installation  of  a  permanent  nature  are  developed. 

Samples  used  in  such  tests  should  be  carefully  collected,  so  that  they 
include  material  from  well-separated  parts  of  the  bog  and  from  as  deep 
below  the  surface  as  the  peat  can  be  reached  with  the  usual  tools  for 
digging.  The  costs  of  these  tests  may  seem  excessive,  but  in  the  end 
are  justified  by  the  results  obtained,  whether  satisfactory  or  not.  If 
the  peat  thus  tested  turns  out  to  be  unsuited  for  the  purposes  for  which 
it  was  chosen,  the  expense  is  especially  justified. 
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When  such  tests  are  made  it  is  probably  more  satisfactory  to  send 
the  material  to  the  factory  of  the  makers  of  the  machinery,  where 
installation  is  complete  and  skilled  labor  is  available,  rather  than  to 
tiy  to  set  up  the  machinery  temporarily  at  the  bog;  by  the  former 
course  more  valuable  results  will  be  obtained  at  much  less  cost.  The 
tests  should  be  made  under  the  inspection  of  some  competent  and  dis- 
interested observer  who  is  retained  to  guard  the  rights  of  both  parties 
concerned. 

The  great  importance  of  thus  trying  machinery  and  peat  together 
before  erection  of  the  plant  has  been  fully  demonstrated  in  this  coun- 
try. In  at  least  two  instances  more  than  $100,000  have  been  spent 
in  the  development  of  elaborate  peat-fuel  plants  which  were  never 
successfully  operated.  The  reason  for  their  failure  was  that  the  ma- 
chinery which  had  been  installed  could  not  manufacture  the  peat 
available  into  the  desired  product  or  any  other  that  could  be  sold  at 
a  profit  in  accessible  markets.  Other  examples  less  impressive  might 
easily  be  cited  in  which  lack  of  success  seems  clearly  referable  to 
the  omission  of  thorough  preliminary  testing. 

SOURCE   AND  PERCENTAGE  OF  ASH. 

Peat  containing  a  large  quantit j-  of  ash  is  not  as  good  fuel  as  that 
containing  a  less  percentage,  because  the  former  type  gives  less  heat 
for  a  given  unit  of  weight.  The  ash  of  peat  deposits,  as  noted  above, 
is  derived  from  the  mineral  matter  gathered  by  the  growing  plants 
that  have  built  up  the  peat.  Mineral  matter  may  also  be  brought  in 
by  the  water  by  which  the  plant  remains  have  been  protected  and  pre- 
served from  decay,  or  may  be  blown  in  by  the  winds.  The  mineral 
matter  derived  from  the  water  is  carried  either  in  solution  or  in  sus- 
pension and  may  reach  the  peat  continually  with  the  water  or  be  sup- 
plied intermittently  by  overflow  from  the  ocean  tides,  lakes,  streams, 
rain  rills,  or  springs. 

When  peat  deposits  are  being  tested  those  in  which  the  peat  is 
grayish  or  greenish^  or  contains  whitish  or  red  streaks  and  spote  when 
dry,  or  shows  shining  specks  of  mica,  or  is  gritty  when  ground  between 
the  teeth,  may  be  classed  as  of  poor  quality  for  fuel  unless  their  analy- 
ses prove  otherwise.  In  such  deposits  the  ash  content  is  generally 
found  to  be  high. 

Peat  beds  that  lie  in  salt  marshes,  in  the  flood  plains  of  brooks  and 
rivers,  in  deltas  of  streams,  or  on  terraces  or  slopes  watered  by  springs 
whose  waters  are  perceptibly  mineralized,  seldom  pay  for  testing  un- 
less in  a  region  where  iJl  kinds  of  fuel  are  scarce.  All  of  these  types 
of  peat  beds  are  certain  to  be  somewhat  deteriorated  by  mineral  mat- 
ter; hence  the  peat  has  its  fuel  value  and  its  possible  market  value 
lowered  by  the  presence  of  too  much  ash. 
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In  certain  parts  of  the  country  peat  beds  in  basins^  even  when  no 
important  streams  enter  them^  are  sometimes  found  to  be  rich  in  ash. 
This  condition  is  caused  by  the  presence  of  plants  that  concentrate  in 
their  cells  or  tissues  or  on  their  leaves  and  stems  some  of  the  minerals 
brought  in  by  springs  or  other  sources  of  water  supply.  The  minerals 
are  left  on  the  bottom  with  other  debris  at  the  end  of  the  cycle  of 
growth  of  the  plants.  Calcium,  magnesium,  silicon,  and  iron  com- 
pounds are  thus  segregated  from  lake  waters  and  become  part  of  the 
ash  of  peat. 

The  effects  of  the  action  of  waves  and  currents  on  sandy  or  muddy 
lake  shores  also  must  be  considered  as  a  source  of  mineral  matter  in 
peat  beds  exposed  to  the  wash  of  these  sediment-transporting  agents. 
Consequently  peat  on  the  banks  of  lakes  having  wide  stretches  of 
exposed  sandy  and  muddy  shores  must  be  tested  very  thoroughly 
before  using  it  for  commercial  purposes. 

On  the  wind-swept  plains  of  the  States  west  of  the  Mississippi  much 
fine  mineral  matter  in  the  form  of  dust  is  blown  into  low  places,  where 
it  is  left  and  becomes  a  part  of  any  peat  deposit  which  may  exist  there. 
The  supply  of  wind-blown  dust  is  fairly  constant  from  year  to  year, 
and  doubtless  the  peat  beds  of  Iowa,  the  Dakotas,  and  of  western 
Minnesota  will  be  found  to  have  a  high  percentage  of  ash,  a  consid- 
erable part  of  which  may  be  traced  to  dust. 

PREPARATION  OF  THE   BOG   FOR   USE. 

In  making  the  preliminary  examination  of  a  bog  the  quantity  and 
kind  of  vegetation  on  the  surface  of  the  deposit  should  be  carefully 
noted.  If  trees  and  shrubs  are  present,  their  kind,  size,  and  relative 
abundance  should  be  observed.  The  presence  and  frequency  of  roots, 
stumps,  and  buried  logs  should  also  be  determined  at  the  same  time. 
Where  trees  axe  present  and  their  buried  remains  are  abimdant  the 
cost  of  getting  the  ground  ready  for  digging  the  peat  will  be  very 
materially  greater  than  in  a  grass-covered  bog.  On  the  other  hand, 
the  wood  may  be  sold  or  used  for  fuel  at  the  plant,  and  the  work  of 
clearing  may  be  done  at  times  when  weather  or  other  conditions  are 
unfavorable  for  production,  thus  keeping  the  force  of  laborers  at  work. 
It  is  also  apparent  that  only  a  small  area  will  be  used  at  a  time,  and 
that  the  preliminary  work  will,  therefore,  be  distributed  over  a  long 
period,  so  that  its  cost  per  ton  of  peat  produced  will  usually  be  so 
small  as  to  be  insignificant. 

When  all  things  are  taken  into  account,  however,  and  a  choice  of 
bogs  can  be  made,  that  which  has  many  buried  logs  and  stumps  should 
be  avoided.  If  the  woody  material  is  confined  closely  to  the  surface 
layers,  little  account  should  be  taken  of  it,  because  it  is  easily  removed. 
The  deposit  below  such  layers  is  often  more  decomposed  and  compact 
tb«xi  where  trees  have  not  yet  become  established. 
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DRAINAGE   OF  BOG. 

In  European  countries,  where  peat  is  dug  extensively  by  hand,  the 
general  practice  is  to  plan  and  carry  out  an  elaborate  system  of  drain- 
age, so  that  the  water  content  of  the  peat  is  perceptibly  lowered  before 
digging  is  begun.  Aside  from  the  greater  convenience  in  dicing 
insured  by  drainage,  the  water  content  is  lowered  to  a  considerable 
extent,  although  not  so  much  nor  so  rapidly  as  would  be  expected, 
because  of  the  water-holding  powers  of  the  peat. 

Drainage  becomes  of  importance,  however,  whenever  the  greatest 
economy  of  handling  the  wet  peat  is  sought,  as  it  should  always  be  if 
dug  .by  hand.  Reference  to  the  table  giving  the  relation  of  the  per- 
centage of  water  in  peat  to  its  weight  (p.  110)  will  show  that,  if  the 
water  content  of  a  given  weight  of  peat  is  reduced  from  90  per  cent 
to  80  per  cent,  its  weight  will  be  decreased  50  per  cent,  or  one-half. 
Hence  by  lowering  the  water  10  per  cent  only  one-half  the  weight  of 
wet  peat  that  would  have  to  be  dug  before  the  reduction  has  to  be 
dug  out  and  handled  for  a  given  weight  of  finished  product. 

Drainage  may  be  unnecessary,  or  even  undesirable,  where  the  peat 
is  to  be  dug  and  transported  from  the  bog  to  the  factory  by  machinery, 
especially  if  it  is  to  be  dug  by  dredges,  loaded  on  scows,  and  towed  in 
them  across  the  water-filled  openings  already  made  to  the  factory. 
It  would  be  still  less  desirable  to  drain  where  the  peat  is  to  be  dug 
and  moved  from  the  bog  to  the  factory  by  powerful  rotary  pumps, 
such  as  are  employed  on  the  "sand-sucker"  dredges  so  often  used  to 
improve  waterways  and  harbors  in  the  United  States. 

Before  draining  is  decided  upon  as  a  policy  in  any  given  instance 
the  possibility  of  draining  the  deposit  must  be  determined.  Although 
this  could  seemingly  best  be  determined  by  taking  levels,  there  Is  an 
important  relation  between  the  structure  of  the  deposit  and  drainage 
possibilities  which,  if  observed,  will  be  of  much  assistance  and  may 
render  surveying  unnecessary.  Bogs  of  the  built-up  type — that  is, 
those  which  show  a  uniformity  of  structure  or  the  presence  from  bot- 
tom to  top  of  the  remains  of  such  plants  as  always  grow  near  or 
slightly  above  the  ground-water  level — can  be  drained  to  the  bottom 
or  as  deep  as  such  structure  is  found. 

On  the  other  hand,  peat  that  fills  basins  formerly  occupied  by  ponds 
and  lakes  can  be  drained  only  for  a  short  distance  below  the  surface, 
or  not  at  aU,  except  at  great  expense,  as  the  outlet  must  sometimes 
be  lowered  for  a  long  distance.  An  attempt  to  drain  peat  beds  of 
this  type  more  than  a  few  feet  by  surface  ditching  will,  therefore,  be 
unsuccessful,  and  peat  will  generally  be  most  easily  and  most  cheaply 
worked  without  any  attempt  at  draining  unless  diking  and  pumping 
are  adopted.  Deposits  of  this  class,  as  they  lie  chiefly  below  the 
water  level  and  can  not  be  drained,  must  manifestly  be  worked 
almost  entirely  by  machinery,  unless  the  water  is  kept  down  by 
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pximping  or  by  sinking  tabular  drainage  wells  to  porous  beds  in  the 
ground  below  the  basin,  as  may  sometimes  be  done. 

In  bogs  filling  basins  ditches  should  not  be  cut  from  the  shoreward 
margin  to  open  water  in  the  interior  of  the  marsh  without  very 
careful  leveling  across  the  surface,  because  not  uncommonly  the 
surface  of  the  water  in  the  pond  is  higher  than  that  in  the  marginal 
area  and  water  will  flow  from  the  pond  and  not  into  it. 

That  utilization  of  peat  bogs  in  the  United  States  under  existing 
economic  conditions  necessitates  drainage  remains  to  be  proved. 
Where  dicing  by  hand  has  been  tried  it  has  been  very  slow  and 
expensive  and  has  been  an  important  contributory  cause  in  the  final 
failure  of  the  plants  adopting  the  system.  If  draining  is  decided 
upon,  levels  must  be  taken  carefully  to  determine  the  direction  and 
fall  of  the  surface,  and  surveys  must  be  made  of  the  distance  to  the 
nearest  main  established  stream.  After  these  data  have  been  col- 
lected draining  will  proceed  much  more  cheaply  and  more  satis- 
factorily if  excavation  is  begun  at  the  outlet  end  of  the  bog  and 
continued  as  development  progresses  toward  the  higher  parts.  Such 
a  course  will  make  the  system  of  drains  as  simple  and  short  as  possible 
and  will  reduce  thereby  the  cost  of  the  work,  and  by  keeping  them 
wet  will  also  protect  the  imdeveloped  parts  of  the  bog  from  loss  by 
fire  and  injury  from  freezing.  Where  machine  peat  is  to  be  made 
from  a  drained  bog  the  ditches  must  be  provided  with  dams  to  hold 
the  water  in  them  during  the  winter,  as  freezing  injures  the  cohesive- 
ness  of  the  drier  parts  of  peat  beds  more  than  it  does  those  that  are 
kept  very  wet. 

CHOICE   OF   SITE   FOR  THE   PLANT. 

The  choice  of  a  site  for  the  plant  would  seem  to  be  a  simple  matter 
and  not  of  sufficient  importance  to  merit  much  discussion,  but 
when  it  is  remembered  that  from  80  to  90  per  cent  of  the  material 
brought  to  the  plant  is  water  (and  therefore  waste)  it  becomes  evident 
that  by  reducing  the  distance  of  the  average  haul  of  the  wet  peat  a 
material  saving  in  the  cost  of  this  transportation  and  production 
wiU  be  made.  The  permanent  buildings  of  the  plant,  therefore, 
should  be  so  placed  in  relation  to  the  bog  to  be  worked  that  the 
raw  wet  peat  will  reach  the  grinding  macliinery  by  the  shortest  and 
most  direct  route;  from  the  grinding  machinery  it  should  be  taken 
as  directly  to  the  drying  grounds  or  sheds. 

An  ideal  arrangement,  especially  in  the  manufacture  of  machine 
peat,  is  to  have  no  fixed  buildings,  but  to  have  the  movable  machinery 
always  at  the  side  of  the  openings  from  which  the  peat  is  taken,  and 
to  pass  the  peat  directly  from  the  mechanical  excavator  to  the  pulping 
machinery  and  thence  to  a  part  of  the  bog  near  by  that  is  laid  out  as 
drying  ground.     To  insure  such  mobility  of  plant,  the  machinery 
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may  be  mounted  on  a  strong  car  and  moved  on  iron  rails  or  upon 
rollers  or  broad- wheeled  trucks;  the  engine  is  used  to  run  the  plant 
and  as  a  locomotive.  This  is  the  common  practice  in  many  parts  of 
Europe.  The  plant  is  much  the  same  temporary  sort  of  an  arrange- 
ment as  a  portable  sawmill  or  thrashing  outfit.  The  most  recent 
practice  in  Germany,  Canada,  and  the  United  States  is  to  combine 
digging,  macerating,  and  spreading  machinery  into  a  single  self- 
propelling  plant  which  is  supported  on  a  single  platform  with  or 
without  rails. 

However,  in  some  cases  it  will  be  desirable  to  place  the  machinery 
on  soUd  ground,  because  there  are  difficulties  in  moving  peat  machin- 
ery of  large  capacity  from  place  to  place  on  the  soft  and  unstable 
surface  of  the  wet  peat.  If  the  moving  of  the  wet  peat  is  the  niling 
consideration,  the  plant  ought  to  be  placed  as  near  as  possible  to  the 
bog,  the  necessity  of  a  firm  foundation  and  convenient  approaches 
and  drying  ground  being  also  observed ;  the  hauls  necessary  to  get  the 
freshly  dug  peat  to  the  buildings  should  average  as  short  as  possible 
during  the  hfe  of  the  plant.  The  best  location  would  ordinarily  be 
about  midway  of  one  of  the  long  sides  of  the  deposit. 

If,  however,  more  satisfactory  transportation  arrangements  can 
be  made,  a  more  stable  supply  of  labor  assured,  or  better  drying 
ground  obtained  at  some  point  other  than  the  one  indicated,  these 
practical  matters  should  determine  the  selection  of  the  site. 

LAYING   OUT  THE   PLANT. 

Several  factories  in  the  United  States  have  been  built  for  making 
peat  fuel  in  which,  seemingly,  no  thought  or  care  has  been  given  to 
laying  out  the  plant  so  as  to  secure  the  greatest  efficiency  from  the 
machinery  and  economy  in  the  details  of  production.  This  is 
evidently  a  radical  defect  in  such  plants,  if  the  highest  financial 
ret\u*ns  are  sought,  as  these  are  dependent  upon  successfully  solving 
the  following  problem,  stated  in  terms  of  the  unit  of  production. 
The  problem  in  peat-fuel  manufacture  is  so  to  handle  a  ton  of  wet 
peat  (containing  90  per  cent  of  water,  nearly  all  of  which  is  useless) 
as  it  is  dug  from  the  undrained  bog  that  the  approximately  225  to  250 
pounds  of  salable  materials  (containing  12  to  20  per  cent  of  water)  which 
will  be  obtained  from  it  can  be  sold  in  the  open  market  at  a  price  that 
wiU  pay  for  the  digging,  preparation  for  sale,  and  cost  of  selling,  and, 
in  addition,  maintain  the  plant  and  equipment  and  return  a  profit 
on  the  investment.  The  handling  of  many  tons  of  this  wet  raw 
material  and  the  production  of  a  lai^e  amoimt  of  marketable  fuel 
only  complicates  matters  if  the  unit  of  quantity  is  made  at  a  loss, 
and  manifestly  any  saving  in  the  course  of  proper  preparation  will 
help  to  give  a  favorable  solution  of  the  problem. 


USES  OF  PEAT  FOB  FUEL  AND  OTHEB  PUBPOBES.  81 

The  machinery  should  be  so  arranged  m  the  building  that  its  best 
operation  requires  the  least  possible  labor  and  supervision  and  that 
the  various  processes  through  which  the  peat  must  be  put  will 
become  automatic  or  go  on  with  the  minimum  amount  of  human 
labor  and  attention.  Careful  study  should  be  given  to  the  entire 
course  of  production  and  whenever  simple  and  efficient  machinery 
can  be  substituted  for  manual  labor,  it  should  be  introduced,  if 
possible. 

The  fact  must  not  be  lost  sight  of,  however,  that  a  product  of  such 
low  selling  price  as  peat  is  much  more  likely  to  be  manufactured 
profitably  if  the  machinery  used  is  simple  and  the  processes  through 
which  it  is  made  ready  for  sale  are  few  and  direct  than  if  complicated 
and  high-priced  machines  and  numerous  operations  are  required. 

SELECTION   OF  PEOCESSES   AND  MAGHINEBY. 

The  process  by  which  a  given  peat  bed  can  be  utilized  to  the  best 
advantage  and  with  the  greatest  profit  depends,  among  other  factors, 
upon  the  quality  of  peat,  the  kind  of  market  which  can  be  reached, 
and  the  amount  of  capital  which  is  available  for  the  purpose.  Not  all 
kinds  of  peat  will  make  good  briquets,  even  with  the  best  machinery, 
and  it  would  be  a  needless  expense  to  erect  a  large  and  expensive 
plant  in  a  region  of  limited  population,  or  where  coal  or  other  fuels 
are  very  cheap.  It  would  obviously  also  be  a  poor  policy  to  choose 
a  process  which  would  need  a  large  investment  of  capital  when  an 
equally  salable  type  of  fuel,  whether  axitually  as  good  or  not,  could 
be  made  with  a  much  smaller  investment.  It  should  be  remembered 
that  there  is  no  such  thing  as  a  really  secret  process  for  making  peat 
fuel,  that  when  the  time  comes  for  selection  the  number  of  available 
processes  is  not  large,  and  that  all  such  processes  have  often  been 
described  by  European  authors  or  by  others  discussing  the  use  of 
peat  in  Europe. 

It  should  be  the  chief  concern  of  the  purchasing  agent  before  any 
decision  is  reached  to  learn  everything  possible  about  the  progress 
of  peat-fuel  production  in  Europe,  and  especially  in  Germany  and 
Sweden,  where,  for  more  than  a  century,  experienced  men  with  keen, 
well- trained  minds  and  ample  facilities  have  been  studying  the 
possibilities  of  the  substance  and  have  been  testing  ways  in  which 
they  have  thought  it  could  be  most  cheaply  and  readily  made  into  an 
efficient  and  salable  product. 

After  obtaining  this  information  a  careful  examination  should  be 
made  of  the  kinds  of  machinery  now  on  the  market  as  the  practical 
result  of  the  world's  experience.  That  type  should  be  chosen  which 
has  proven  most  efficient  and  successful  in  actual  operation  under  con- 
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ditions  edmilar  to  those  under  which  the  proposed  plant  is  to  operate. 
With  so  many  available  types  that  have  been  thoroughly  tested  by 
commercial  use  it  is  not  advisable  to  adopt  new  and  untried  processes 
and  machinery  for  a  plant  that  must  be  made  financially  successful 
from  the  start. 

However,  after  machinery  embodying  the  latest  European  knowl- 
edge has  been  tried,  modification  and  adaptation  to  the  conditions  of 
production  which  experience  has  brought  to  light  may  seem  advisable. 
Such  work  can  be  done  much  more  satisfactorily  after  a  preliminary 
test  than  at  an  earlier  time  before  any  practical  knowledge  had  been 
gained.  Indeed,  it  seems  that  much  more  real  progress  would  be 
made  by  American  inventors  in  developing  machinery  for  manu- 
facturing peat  fuel  if  they  started  with  the  best  European  types  as 
the  basi^  of  their  plans  rather  than  with  an  attempt  to  start  from  the 
beginning. 

CHARACTER  OF  THE  PLANT. 

The  size  of  the  prospective  operations,  the  process  of  manufacture 
chosen,  and  the  amount  of  capital  to  be  spent  will  govern  to  some 
extent  the  necessary  expenditures  for  buildings  and  machinery.  Aside 
from  these  factors,  however,  expediency  and  the  actual  needs  of  the 
business  should  govern  the  character  of  the  buildings. 

The  permanent  buildings  needed  for  a  factory  making  machine 
peat  are  few  and  can  be  of  the  simplest  and  cheapest  construction 
consistent  with  durability  for  the  expected  life  of  the  plant.  All  that 
is  actually  required  is  sheds  for  the  protection  of  the  boiler,  engine, 
and  grinding  machinery  and  for  drying  and  storing  the  peat.  As 
production  is  limited  to  the  warm  months,  heating  and  lighting  in 
the  winter  do  not  have  to  be  considered.  This  fact  may  also  be 
taken  into  account  in  the  construction. 

In  Europe  many  establishments  making  peat  fuel  have  no  per- 
manent buUdings,  except  for  storage,  as  the  machinery  is  all  movable 
and  is  given  temporary  housing  at  the  places  on  the  bog  where  it  is  in 
use.  Each  peat  machine  makes  a  certain  number  of  tons  per  day 
and  the  plant  is  added  to  by  the  purchase  of  new  units  as  the  need 
for  increased  output  arises.  The  same  would  be  true  if  self-propelling 
automatic  machines  were  used  instead  of  the  standard  older  types. 

If  peat  briquets  are  to  be  made,  somewhat  larger  and  more  sub- 
stantial buildings  must  be  erected,  because  more  machinery  of 
heavier  construction  must  be  housed;  yet  even  for  the  briquet  plant 
the  buildings  may  be  built  as  cheaply  and  roughly  as  sawmills.  The 
chief  requirements  are  that  the  roofs  keep  out  the  rain  and  that  the 
foundations  for  the  presses,  boilers,  drivers,  and  engines  be  of  suSi- 
cient  strength.    A  simple,  inexpensive,  compact,  and  well-arranged 
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plant  of  moderate  capacity^  increased  unit  by  unit,  is  much  more 
advisable  than  large  and  costly  buildings  containing  small  equipment. 
Peat-coke,  or  charcoal  manufacture  combined  with  the  recovery  of 
by-products,  requires  a  heavier  investment  for  buildings  to  house 
the  much  greater  quantity  of  apparatus  necessary,  and  these  must 
be  of  good  construction,  because  the  plant  will  be  operated  the  entire 
year.  Practically  the  same  statement  applies  to  the  buildings  that 
would  be  needed  for  utilizing  peat  for  gas  production.  Even  for 
for  such  uses,  however,  care  may  be  exercised  to  keep  down  the 
outlay  of  construction  by  making  the  necessary  buildings  simple  and 
inexpensive.  Some  of  the  buildings  which  have  been  erected  for 
peat-fuel  factories  are  monuments  to  the  dreams  of  their  builders. 

WOBKING   CAPrTAL. 

The  preceding  sections  show  that  a  considerable  number  of  factors 
must  be  taken  into  account  preliminary  to  operating  a  peat-fuel 
manufactory.  One  of  the  most  important  is  a  definite  and  full  pro- 
vision for  working  capital  for  the  maintenance  and  running  expenses 
of  the  plant  for  the  time  that  will  surely  be  needed  to  develop  it  to 
a  state  of  efficient  production  and  to  build  up  and  establish  a  market 
for  its  output. 

An  examination  of  the  history  of  the  attempts  to  start  peat-fuel 
operations  in  this  country  seems  plainly  to  show  that  many  of  them 
have  failed  because  of  insufficient  working  capital.  Money  enough 
generally  has  been  provided  for  actual  building  and  partial  or  com- 
plete equipment  of  factories,  but  the  projectors  apparently  have  been 
so  certain  of  success  that  they  have  deemed  it  sufficient  to  plan  to 
produce  peat  fuel,  and  to  build  and  more  or  less  fully  equip  their 
plant  therefor.  Beyond  this,  they  have  often  seemed  to  expect  that 
the  anticipated  product  would  make  and  market  itself  with  so  much 
profit  that  necessary  additional  equipment  could  be  had,  dividends 
on  the  original  investment  paid,  and  the  production  continued 
indefinitely  with  increasing  impetus. 

This  is  not  the  usual  result  of  an  attempt  to  introduce  a  new  and 
practically  untried  and  unknown  article  that  competes  with  one  that 
has  been  long  in  use  and  that  is  acknowledged  to  be  superior  in  some 
respects.  In  the  cases  under  consideration,  when  the  investors  did 
not  immediately  realize  their  anticipated  profits,  they  lost  faith  and 
refused  to  furnish  additional  money,  often  before  their  plants  had 
advanced  to  a  stage  where  commercial  manufacture  was  possible. 
Such  a  result  might  have  been  foreseen  in  some  cases  and  should 
have  been  provided  for  in  all,  as  frequently  is  done  in  other  kinds  of 
business,  by  reserving  a  certain  part  of  the  funds  at  hand  for  carrying 
on  the  business  through  its  period  of  experimental  production.    If 
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such  action  had  been  taken^  and  later  the  necessity  had  arisen  for 
increased  facilities  for  production^  the  money  for  them  would  have 
been  available. 

To  make  no  provision  for  working  capital  must  be  looked  upon  as 
a  most  serious  error  in  business  policy,  and  the  conclusion  seems 
warranted  that  those  who  start  and  promote  enterprises  for  peat 
utilization  in  the  United  States  at  present  without  such  provision  are 
inviting  the  same  troubles  that  have  beset  their  predecessors,  and 
can  expect  no  greater  success. 

CAPITALIZATION. 

The  capitalization  of  peat  enterprises,  as  stated  in  the  preliminary 
literature  issued  by  their  promoters,  has  varied  greatly.  At  least  one 
reported  an  authorized  capital  of  $20,000,000.  Obviously,  however, 
certain  definite  matters  control  the  sums  of  money  which  must  be 
provided  to  establish  a  plant  for  using  peat  and  to  bring  it  to  a  suc- 
cessful stage  of  production,  and  these  are  here  considered.  In  general, 
it  may  be  said  that  large  capitalization  is  neither  needed  nor  desirable 
for  most  forms  of  peat  utilization,  but  it  is  important,  as  has  been 
noted  above,  to  have  reserve  capital  for  use  during  the  critical 
periods  of  the  proposed  factory.  The  amount  of  capital  actually 
needed  will  differ  for  diflFerent  products  and  for  diflFerent  ways  of 
making  the  same  products;  it  will  be  governed  also  by  the  proposed 
quantity  of  output,  the  size  and  kind  of  buildings  to  be  erected,  and 
other  factors  which  do  not  need  to  be  taken  up  here.  The  simpler 
processes  of  peat-fuel  making  on  a  moderate  scale  can  be  undertaken 
and  carried  on  with  success  on  a  small  capital.  Some  of  the  more 
complicated  operations,  such  as  making  peat  coke  and  by-products, 
or  those  peat  products  requiring  heavier  machines,  more  manipulation 
and  labor,  and  stronger  and  more  expensive  buildings,  must  be 
liberally  supported  with  money  or  credit  if  any  returns  are  to  be 
derived  from  them. 

A  much  greater  amount  of  capital  must  be  assured  and  actually 
paid  in,  as  required,  to  bring  to  a  commercially  productive  and  inde- 
pendent stage  a  plant  that  is  equipped  with  machinery  invented  to 
exploit  some  new  way  of  treating  peat  than  would  be  needed  to  do 
an  equivalent  amount  of  development  with  machinery  that  is  already 
on  the  market  and  has  proved  satisfactory  in  actual  manufacture  of 
the  product  which  it  was  designed  to  make.  This  statement  is  war- 
ranted by  the  experience  of  many  of  the  more  aggressively  advertised 
experiments  in  peat  development  which  have  been  made  in  America 
and  Europe.  These  experiments  have  invariably  taken  much  more 
money  and  time  to  bring  to  a  state  of  completion  than  their  inven- 
tors anticipated ;  and  some,  after  aU,  have  failed. 
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EXPEBIMENTAL   WORK  IN   NEW  PLANTS. 

The  past  uncounted  waste  of  time  and  money  in  this  country  in  what 
is  called  experimentation  demands  a  brief  notice.  Experimentation 
has  generally  signified  the  random  use  of  the  whole  or  a  part  of  a 
plant  and  its  force  of  laborers  for  the  purpose  of  testing  some  of  the 
ideas  of  the  man  in  charge  or  of  some  of  his  associates,  in  the  hope  that 
the  process  or  machinery  in  use  may  be  advantageously  supplanted. 
The  futility  and  waste  he  more  in  the  way  in  which  the  work  is 
generally  carried  out  than  in  the  ideas  themselves.  Usually  experi- 
mentation of  this  sort  is  attempted  without  the  appliances  for  exact 
methods  and  without  the  originator  having  any  clearly  developed 
plans  as  to  what  is  needed  or  how  the  work  is  to  be  conducted;  yet 
it  calls  for  much  energy  and  money,  and  in  the  end  counts  for  nothing. 
If  the  same  amount  of  work  and  funds  were  used  to  raise  the  effi- 
ciency of  the  working  force  and  of  the  machinery  already  in  use, 
much  of  the  experimenting  would  be  entirely  unnecessary.  Some- 
times the  men  who  propose  the  changes  are  entirely  without  experi- 
ence and  training,  or  have  only  elementary  knowledge,  and  the  work 
which  they  do  is  nearly  aU  lost.  It  appears  certain  that  the  men  who 
have  come  nearest  to  success  or  have  had  the  greatest  success  in 
making  peat  fuel  have  done  so  by  avoiding  as  much  as  possible  the 
expense  of  the  sort  of  experiments  described.  They  have  developed 
their  plants  to  profitable  production  by  learning  in  practice  from 
day  to  day  the  peculiarities  of  the  substance  with  which  they  worked 
and  the  conditions  required  for  making  the  best  product  possible 
with  the  machinery  and  process  which  they  had  chosen. 

It  must  not  be  understood  that  properly  controlled  and  carefully 
planned  experiments  may  not  lead  to  valuable  results  in  the  making 
of  products  from  peat,  but  in  so  far  as  this  work  is  done  by  inexpe- 
rienced and  untrained  men,  and  diverts  time,  money,  energy,  and  work 
needed  to  improve  the  conunercial  operation  of  the  plant,  it  is  a 
source  of  injury  and  positive  loss,  and  may  destroy  what  would  other- 
wise be  a  profitable  business. 

It  may  be  said  in  closing  this  discussion  that  in  the  writer's  judg- 
ment the  adoption  of  untried  machinery  for  peat  manufacture 
should  always  be  considered  as  a  purely  experimental  or  speculative 
investment,  especially  if  only  working  plans  and  calculations  are 
submitted  as  the  basis  of  the  proposed  plant.  Only  that  machinery 
which  has  been  actually  used  and  has  shown  what  it  will  do  under 
approximately  conunercial  conditions  should  be  the  basis  of  a  factory 
from  which  it  is  necessary  to  get  quick  financial  returns. 

It  has  been  the  history  of  the  development  of  all  mechanical  and 
chemical  processes  that  they  have  developed  slowly  and  by  repeated 
and  often  costly  failures.    The  more  thoroughly  and  completely 
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the  processes  are  dependent  for  success  upon  the  proper  operation 
of  a  number  of  machines  working  in  harmony  for  long  periods  of  time 
the  longer  the  period  of  development  must  be.  In  the  history  of 
peat-fuel  enterprises  in  Europe  this  fact  is  emphasized  again  and 
again.  At  the  present  writmg  announcements  are  made  of  the 
reduction  to  a  coromercially  possible  stage  of  two  important  nearly 
continuous  processes  for  utihzing  peat.  These  processes  have  been 
before  the  public  for  a  number  of  years  as  theoretically  valuable,  aa 
demonstrated  by  laboratory  experiments,  but  only  now  have  they 
been  sufficiently  worked  out  in  the  details  of  the  machinery  needed 
for  turning  out  the  finished  product  on  a  scale  and  at  a  price  that 
warrants  the  erection  of  the  large  plants  required;  the  latest  authentic 
information  indicates  that  these  have  yet  to  be  built. 

CUT  PEAT. 

In  Ireland,  England,  Denmark,  Germany,  and  the  other  countries 
of  Europe  where  peat  is  a  coiomon  domestic  fuel  the  simplest  and 
most  ancient  method  of  preparation  is  still  most  commonly  used. 
In  Ireland,  where  nearly  all  of  the  fuel  consumed  by  the  country 
people  is  peat,  no  other  process  of  preparing  it  has  ever  been  used 
to  any  appreciable  extent.  Within  a  few  years,  however,  the  Depart- 
ment of  Agriculture  and  Technical  Education  has  established  several 
temporary  experiment  stations  for  the  purpose  of  introducing  to  the 
people  the  treatment  of  peat  and  its  manufacture  into  fuel  by  simple 
machinery,  most  of  which  is  of  German  origin. 

The  preparation  of  cut  peat  and  the  equipment  for  making  it  are 
so  simple  that  the  owners  of  small  peat  deposits  can  easily  make 
fuel  for  home  consumption.  On  this  account  a  somewhat  detailed 
description  of  the  methods  of  procedure  is  given  here,  although  the 
product  is  such  that  probably  it  can  have  only  a  very  limited  use 
in  the  United  States. 

After  the  surface  of  the  part  of  the  bog  that  is  to  be  used  is  cleared, 
it  is  drained  to  the  nearest  watercourse  by  a  ditch  of  good  size. 
Into  this  main  ditch  are  led  a  number  of  smaller  ditches  of  sufficient 
capacity  to  lower  the  general  water  level  in  the  peat  at  least  2  or  3  feet. 

The  part  of  the  field  to  be  worked  is  then  chosen  and  more  care- 
fully cleared  and  leveled,  so  that  its  surface  may  be  used  as  a  drying 
ground.  If  this  area  is  selected  near  the  margin  of  the  main  ditch, 
it  will  be  more  easily  and  cheaply  drained  than  if  it  is  at  a  greater 
distance,  because  the  water  will  already  be  lowered  there,  and  the 
transverse  ditches  when  dug  will  be  as  short  as  possible.  Such  small 
transverse  ditches  on  the  drying  ground  are  made  about  a  foot  wide 
and  with  enough  slope  to  the  bottom  to  carry  off  the  water  that 
collects  in  them;  they  are  generally  placed  from  30  to  60  feet  apart. 
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If  the  bog  can  not  be  drained  cheaply  by  ditching,  an  opening 
may  be  made  near  the  place  selected  for  beginning  work.  The  water 
can  be  pumped  from  this  opening  from  time  to  time  as  it  accumulates 
and  can  be  conducted  away  from  the  immediate  vicinity  of  the  hole 
and  the  drying  grounds.  Care  should  be  taken  not  to  let  water  into 
such  a  hole  by  digging  into  the  sands  below  the  peat. 

The  tools  used  for  making  cut  peat  in  different  European  countries 
are  somewhat  different  in  size  and  shape,  but  they  are  always  of 
the  simplest  form  and  construction  and  differ  only  slightly  from  those 
used  in  ordinary  ditching  and  digging.  In  Ireland,  the  most 
important  special  tool  is  the  slane,  a  stout  narrow  spade  having  the 
length  and  width  of  the  bricks  to  be  cut.  It  has  a  narrow  sharp  steel 
lug  welded  on  one  side  of  the  point  of  the  blade  and  at  right  angles 
thereto.  Some  types  of  spades  used  for  peat  cutting  in  Germany  have 
two  of  these  lugs,  one  in  the  middle  of  the  blade  and  the  other  at  one 
side,  so  that  two  bricks  can  be  cut  at  once.  The  size  of  the  bricks 
varies  in  different  countries  according  to  the  purposes  for  which  they 
are  to  be  used,  the  moisture  conditions  under  which  they  must  be 
dried,  and  the  density  and  structure  of  the  peat.  The  usual  range 
is  from  8  or  10  to  18  inches  in  length,  and  from  4  to  7  inches  in  width 
by  3  to  6  inches  in  thickness,  when  the  bricks  are  freshly  cut  and  wet. 

The  men  generally  work  in  pairs,  a  digger  and  a  tender.  The  turf 
is  first  removed  from  a  strip  at  the  end  of  the  ground  prepared  for 
digging  and  the  peat  below  dug  out  in  the  form  of  bricks  of  as  nearly 
uniform  size  as  possible,  and  placed  to  one  side.  The  tender  piclra 
them  up,  loads  them  on  a  car  or  wheelbarrow,  wheels  them  to  the 
drying  ground,  and  lays  them  out  for  drying.  As  soon  as  the  peat 
has  been  removed  from  a  depth  twice  the  length  of  the  spade,  or, 
more  often,  to  the  depth  of  the  ditch  bottoms,  a  new  cut  is  started, 
the  digger  working  in  the  trench  to  make  the  horizontal  cuts,  which 
are  the  last  ones  to  be  made.  The  vertical  cuts  are  made  with  a 
straight  spade  or  spadelike  knife,  the  operator  first  making  the  wall 
cut  at  the  length  of  the  block  from  the  last  cut.  The  cuts  forming 
the  sides  of  the  blocks  are  then  made  the  width  of  the  block  apart; 
the  horizontal  cuts  are  made  from  the  trench,  and  determine  the 
thickness  of  the  block. 

If  the  peat  is  very  thoroughly  decomposed  and  structureless,  the 
blocks  may  possibly  be  cut  with  the  long  axes  i^rtical,  using  the 
slane,  but  where  stratification  is  well  marked  or  the  peat  fibrous  this 
way  of  cutting  causes  the  blocks  to  be  easily  broken  along  the  lines  of 
bedding;  hence  in  most  cases  the  length  of  the  block  is  cut  parallel 
to  the  planes  of  bedding.  The  slane  may  be  used  to  cut  the  bricks 
out  after  the  first  vertical  cut  is  made  along  the  wall,  especially 
where  the  peat  is  dense  enough  to  be  cut  easily. 
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After  the  blocks  are  taken  to  the  drying  ground  they  are  stood  on 
edge,  with  narrow  spaces  between  them,  and  allowed  to  dry  and 
drain  for  some  days;  in  some  countries  they  are  turned  during  this 
time.  In  Ireland,  as  soon  as  they  are  firm  enough  to  be  handled 
they  are  ' 'footed/'  or  stood  on  end,  generally  seven  in  a  small  circle 
and  two  others  crossed  on  top  of  the  group.  After  a  week  or  two,  in 
good  drying  weather  (or  longer  in  bad  weather),  the  blocks  are 
''refooted''  by  turning  them  and  combining  two  piles  into  one. 
In  about  four  weeks  they  are  ready  to  be  removed  and  stacked.  The 
bricks  are  piled  in  an  open  manner  so  that  the  air  can  circulate 
freely  through  the  piles,  and  the  peat  is  often  left  in  these  stacks 
until  needed  for  use,  the  top  being  protected  by  a  thatch  or  by  a  shed 
roof.  If  dried  too  rapidly,  the  product  cracks  and  is  brittle,  and  in 
this  country  stacking  to  check  the  drying  may  have  to  be  resorted 
to  in  less  than  four  weeks.  In  different  countries  the  methods  of 
piling  the  still  moist  peat  blocks  vary  somewhat,  but  any  open  form 
that  gives  free  access  of  the  air  to  as  much  of  the  block  as  possible 
will  serve.  Where  lumber  is  cheap,  racks  similar  to  those  used  in 
brickyards  may  be  used  to  advantage  for  the  preliminary  drying  and 
will  hasten  it  by  some  weeks. 

Peat  blocks  of  the  sizes  given  weigh  from  about  half  a  pound  to  a 
pound  and  a  half  when  they  are  air  dry  or  contain  from  15  to  30 
per  cent  of  moisture. 

The  cost  of  producing  peat  in  this  form  varies  with  the  cost  of 
labor  and  the  skill  of  the  laborers  who  do  the  work.  In  Continental 
Europe,  where  this  sort  of  work  is  usually  paid  for  by  the  piece,  the 
men  getting  a  fixed  price  per  thousand  bricks  in  each  of  the  processes 
of  digging,  spreading,  etc.,  the  fuel  is  made  at  from  50 'cents  to  about 
$1.75  per  ton  of  air-dry  peat  bricks.  The  efficiency  and  price  of 
labor  and  the  different  ways  of  handling  the  product  are  the  only 
apparent  reasons  why  the  price  should  greatly  vary.  Cutting  and 
drying  peat  for  fuel  should  be  done  as  early  in  the  season  as  possible, 
because  the  product  dries  much  more  quickly  in  spring  and  early 
summer  than  later,  and  when  the  gathering  is  put  off  till  August 
the  peat  may  not  get  thoroughly  dry  before  winter. 

Cut  peat  is  the  poorest  form  of  peat  fuel,  as  it  is  bulky,  friable,  and 
bums  up  rapidly  with  considerable  waste  when  thoroughly  dry. 
In  general,  this  kind  of  fuel  may  be  considered  as  unfitted  for  Ameri- 
can fuel  markets;  its  chief  use,  if  any,  will  be  in  the  homes  of  its 
producers.  The  dark-colored,  thoroughly  disintegrated  peats  ntiake 
the  best  cut  bricks,  and  the  light-brown,  fibrous  kinds  the  poorest, 
except  for  kindling. 

In  some  parts  of  Europe,  however,  cut  peat  is  still  used  to  a 
considerable  extent,  even  in  the  towns.  Where  it  is  made  on  a  large 
scale  machines  are  used  to  dig  the  peat,  as  these  give  the  advantage 
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of  producing  large  blocks  quickly,  even  from  uadrained  and  undrain- 
able  bogs  which  could  hardly  be  worked  by  hand. 

The  essential  part  of  such  machines,  which  differ  mainly  in  the 
details  of  construction  and  not  in  principle,  is  a  series  of  three 
vertical  iron  or  steel  plates  edged  with  steel  knives.  These  plates 
are  arranged  in  the  form  of  a  bottomless  box  from  which  one  side 
has  been  removed  and  are  supported  and  moved  by  simple  machinery. 
The  knives  are  forced  into  the  peat  to  the  desired  depth  by  a  strong 
rack  and  pinion  operated  by  a  crank  turned  by  hand.  The  column 
of  peat  thus  formed  is  cut  off  and  supported  at  the  bottom  by  a 
horizontal  knife  that  is  forced  across  the  bottom  of  the  box  formed 
by  the  three  vertical  knife-edged  plates.  The  horizontal  knife  is 
operated  by  a  powerful  lever  worked  from  the  surface.  The  column 
of  peat,  held  up  by  the  horizontal  knife,  is  then  raised  by  reversing 
the  motion  of  the  crank,  and  as  it  is  brought  above  the  surface  it  is 
cut  into  bricks  with  a  spade,  just  as  when  cut  by  hand. 

Some  machines  of  this  type  will  cut  peat  to  a  depth  of  more  than 
20  feet.  They  usually  can  be  operated  by  two  men;  one  raises  and 
loweiB  the  cutting  apparatus  and  the  other  cuts  up  and  loads  the 
peat  on  barrows  or  cars,  in  which  it  is  wheeled  to  the  drying  grounds. 
Where  the  peat  is  cut  from  considerable  depths  by  large  and  heavy 
machines,  three  or  four  men  may  be  needed  to  each  machine.  Peat- 
cutting  machines  of  this  sort  are  strongly  built,  but  may  be  moved 
from  point  to  point  on  the  surface  of  the  bog  as  digging  progresses. 
The  guide  for  the  knife  can  be  moved  so  that  a  trench  several  feet 
wide  can  be  cut  without  changing  the  position  of  the  whole  machine. 

MACHINE  PEAT. 
GENERAL  STATEMENT. 

The  term  "machine  peat"  following  German  practice,  has  so  gen- 
erally come  into  use  to  designate  peat  that  after  being  dug  has  been 
treated  to  a  process  of  grinding  or  macerating  and  pressing  before 
forming  it  into  bricks  that  it  is  used  here.  Terms  which  are  nearly 
or  quite  equivalent  are  press  peat,  pressed  peat,  condensed  peat, 
machine-formed  peat,  and  wet-process  peat,  so  called  in  the  United 
States  to  distinguish  it  from  briquetted  peat,  which  is  thoroughly 
dried  before  being  formed  into  blocks  by  great  pressure  in  a  bri- 
quetting  press. 

Cut  peat  as  a  fuel  that  is  to  be  used,  or  even  produced,  on  any  con- 
siderable scale  has  well-marked  defects,  such  as  lack  of  imiformity, 
firmness,  and  density,  small  fuel  value  per  unit  of  volume,  and  a  high 
percentage  of  water  frequently  found  in  it  even  after  prolonged 
drying.  These  defects  led  to  early  eflforts  to  work  the  raw  material 
into  a  more  compact  and  durable  form  which  would  dry  more  thor- 
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oughly  and  quickly  and  would  be  more  dense  and  therefore  easier  to 
to  transport.  In  general  the  earliest  experiments  in  this  direction 
were  made  to  improve  the  quality  of  the  very  fibrous  kinds  of  peat. 
So  much  was  gained  by  even  the  crudest  treatment  that  gradually 
in  the  more  progressive  peat  regions  all  types  of  peat  were  treated  in 
this  way,  and  cut  peat  was  only  sparingly  made  by  the  larger  enters 
prises.  By  the  effects  of  the  mechanical  treatment  mentioned  above, 
the  plant  remains  in  the  peat  are  reduced  to  a  fine  pulp,  and  their 
water-retaining  capacity  is  lowered  considerably;  hence  peat  that 
has  been  thoroughly  ground  and  mixed  dries  more  quickly  and  forms 
denser  fuel  than  that  untreated.  Within  limits  the  more  thorough 
the  grinding  and  pulping  and  the  more  quickly  the  drying  takes  place, 
the  more  compact  is  the  resulting  fuel  and  the  better  its  quality. 

In  theory,  at  least,  when  peat  has  been  thoroughly  macerated,  a 
block  of  it  is  soon  covered  by  a  thin  coating  of  a  colloidal  or  glue- 
like material,  which  becomes  nearly  waterproof  on  drying,  but  which 
is  sufficiently  porous  to  allow  moisture  to  pass  through  it  from  the 
inside  of  the  brick.  Possibly  also  this  coating,  when  wet  by  rain, 
absorbs  enough  water  to  close  up  the  minute  openings  which  exist  in 
the  surface  when  it  is  dry,  and  thus  prevent  further  absorption. 
Hence  after  a  heavy  rain  properly  ground  machine  peat  is  nearly  as 
dry  as  it  was  before,  whereas  cut  peat  takes  in  a  large  amount  of  water 
and  if  the  rain  is  prolonged  may  be  much  disintegrated.  At  the  same 
time  the  contraction  of  the  outer  layers  of  the  brick  as  they  dry  out 
exerts  a  certain  pressure  on  the  water  contained  in  the  interior,  and 
thus  probably  forces  it  out  toward  the  moister  side,  which  in  this 
case  is  always  the  one  lying  on  the  ground  or  on  which  the  brick  is 
supported. 

METHODS  IN  USE  FOE  MACERATING  PEAT  WITHOUT  SPECIAL  MAOHINEBT. 

There  are  two  quite  distinct  processes  used  for  macerating  peat  with- 
out special  machinery:  First,  that  in  which  enough  water  is  added  to 
the  peat  before  it  is  macerated  to  make  it  into  a  soft  paste,  which,  after 
treatment,  is  often  decidedly  liquid.  This  pulp  is  usually  formed 
into  bricks  after  it  is  spread  on  the  drying  groimd.  The  forming  is 
done  either  by  hand,  whence  the  name  hand  turf  sometimes  given 
the  product,  or  by  turning  the  pulp  into  molds.  Less  often  the  macer- 
ated peat  is  spread  in  a  layer  on  the  drying  ground  and  cut  into  the 
required  shape  with  special  tools,  the  bricks  thus  formed  separating 
through  contraction  as  they  dry. 

By  the  second  method  the  peat  is  ground  with  practically  the  same 
amount  of  water  that  it  contained  when  dug  and  is  forced  from  the 
orifice  of  the  grinding  machine  in  one  or  more  continuous  prismatic 
or  cylindrical  strands,  which  are  cut  into  bricks  as  they  emerge  from 
the  machine;  some  types  of  machines  form  the  peat  pxilp  into  balls; 
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others  perforate  the  bricks  to  facilitate  drying.  The  product  is 
machine  peat  in  the  usually  accepted  sense  of  the  term,  and  the  prin- 
cipal variations  in  its  manufacture  are  all  found  in  the  details  of  con- 
struction of  macerating  machines  and  in  drying  the  peat. 

The  simplest  and  most  primitive  modification  of  the  first  process,  as 
used  in  Ireland  and  in  other  parts  of  Europe  where  no  capital  is  avail- 
able, is  the  following:  The  coarse,  fibrous  top  layers  of  the  peat  are 
thrown  into  the  hole  made  by  the  previous  season's  work.  If  sufficient 
water  is  already  in  the  hole,  the  coarse  peat  is  thoroughly  mixed  by 
trampling  with  that  of  finer  texture  in  the  hole,  imtil  the  mass  is  of 
uniformly  fine  grained  and  pasty  consistency.  After  this  mixing  is 
completed  the  ground  peat  is  taken  to  the  drying  ground  and  spread 
in  a  layer  from  8  to  12  inches  thick,  and  the  bricks  are  marked  off  by 
hand  as  the  spreading  proceeds.  Only  slightly  more  complicated 
than  this  simple  process,  is  the  use  of  wooden  troughs  for  holding  the 
peat  and  water  while  the  maceration  is  going  on,  or  the  substitution 
of  the  feet  of  horses  for  those  of  men  for  mixing  the  peat  and  water. 

In  larger  enterprises  with  some  capital  the  peat  is  ground  and  mixed 
with  water  by  machinery,  a  simple  form  of  which  is  made  by  placing 
in  the  trough  a  rotating  axis,  to  which  are  attached  spirally-arranged 
knives  and  which  is  turned  by  horse  or  steam  power.  The  peat  and 
water  are  thrown  into  the  upper  end  of  the  trough  and  mixed  and 
reduced  to  a  slurry  while  being  moved  forward  by  the  revolution  of 
the  knives.  At  the  outlet  end  the  slurry  is  removed  in  cars  or  bar- 
rows to  the  drying  field  and  is  sometimes  turned  into  sets  of  wooden 
or  metal  molds,  in  which  the  sections  have  the  dimensions  of  the 
bricks  to  be  made.  * 

The  mass  of  peat  is  tamped  into  the  molds  and  smoothed  off,  and 
after  a  short  time,  the  surplus  water  having  drained  away,  the  bricks 
are  easily  removed  and  are  then  laid  out  on  the  drying  ground  to 
drain  and  dry,  after  which  the  procedure  is  the  same  as  in  drying  cut 
peat. 

In  Denmark  and  Sweden,  where  women  and  children  are  hired  to  do 
the  work  of  turning  and  piling  on  the  bricks  on  the  drying  ground, 
the  cost  of  producing  this  type  of  peat  on  a  large  scale  varies  from 
$1.25  to  more  than  SI.50  per  ton. 

The  manufacture  of  peat  fuel  by  any  of  the  various  modifications 
of  the  above-mentioned  processes  does  not  seem  feasible  in  the  United 
States  except  on  a  small  scale,  since  the  hand  labor  required  is  con- 
siderable, and  the  product  is  no  better  and  quite  as  expensive  to  make 
as  the  better-known  machine-formed  peat,  which  is  taking  its  place 
abroad. 

Machine  peat,  as  the  name  is  commonly  understood,  is  made  by 
grinding  the  peat  with  about  the  same  amount  of  moisture  that  it 
contains  in  the  bog  and  cutting  it  into  bricks  as  it  issues  from  the 
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outlet  of  the  grinding  machine  in  a  thoroughly  macerated  condition, 
but  sufficiently  stiff  to  retain  its  form. 

REASONS   FOR   EXTENDED  DISCUSSION  OF  METHOD  OF  MANUFACTX7RE. 

This  method  of  manufacturing  peat  into  fuel  by  machinery  is  some- 
what thoroughly  discussed  here  because  it  is  so  widely  applicable  to 
all  kinds  of  peat,  whether  well  or  poorly  decomposed,  fibrous  or  com- 
pact, light-colored  or  dark.  The  equipment  needed  for  successfully 
carrying  on  the  process  is  modest,  and  the  investment  of  capital  small 
compared  with  that  required  for  the  more  elaborate  coking  and 
briquetting  processes.  The  experience  needed  for  using  the  method 
is  also  much  less  than  with  either  of  the  others.  The  discussion 
seems  to  be  warranted  also  by  the  fact  that  many  trustworthy 
observers  report  that  it  is  the  only  way  yet  found  in  Europe  for  mak- 
ing peat  fuel  for  general  purposes  and  in  quantities  at  a  profit,  except 
at  a  few  plants  referred  to  under  briquetting  and  coking  (pp.  120-139). 

The  opponents  of  this  method  of  making  peat  into  salable  fuel  say 
that  it  leaves  much  to  be  desired,  not  only  mechanically  but  in  the 
quality  of  the  product,  which  for  some  purposes  is  not  an  ideal  fuel. 
The  product  is,  however,  solid,  tough,  and  of  rather  high  specific 
weight.  Where  it  has  failed  to  give  satisfaction  under  boilers  in  the 
United  States  the  cause  has  been  faulty  construction  of  the  fire 
boxes.  In  Amsterdam,  Holland,  machine  peat  sells  at  a  retail  price 
equivalent  to  $5.80  for  the  lighter  grades  and  $6.30  for  heavier  grades, 
when  coal  may  be  bought  at  about  $4  per  ton.  Evidently,  when 
people  are  accustomed  to  it  and  know  how  to  get  the  best  results 
from  its  use,  machine  peat  has  decided  advantages  for  domestic  use. 

EARLY  PEAT  PRESSES. 

The  manufacture  of  machine  peat  began  in  Europe  at  least  as  early 
as  1820,  when  crude  wooden  machines  were  in  use  in  Saxony.  The 
use  of  similar  machines  was  reported  shortly  afterwards  in  England 
and  Ireland. 

These  early  machines  really  attempted  to  form  the  peat  into  blocks 
and  to  squeeze  the  water  from  it  at  the  same  time  by  powerful  screw 
presses.  These  failed  to  give  very  satisfactory  results,  however,  and 
hydraulic  presses  were  afterwards  tested,  both  alone  and  in  combi- 
nation with  macerating  apparatus.  The  macliinery  was  slow  in 
action,  expensive  to  run  and  maintain,  and  the  results,  after  repeated 
trials  with  many  types  of  presses,  so  uniformly  unsuccessful  finan- 
cially that  the  idea  of  pressing  the  water  from  the  peat  was  reluc- 
tantly abandoned.  The  reports  on  these  machines  show  that  the  best 
and  most  powerful  presses  rarely  reduced  the  moisture  content  below 
65  to  75  per  cent  and  gave  a  very  small  daily  output.  Besides  these 
difficulties,  the  drying  of  peat  by  pressure  resulted  in  forcing  the  finer 
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and  more  completely  disintegrated  parts  of  the  peat  with  the  water 
into  and  through  the  cloth  used  to  retain  the  peat  in  the  press.  The 
pores  of  the  cloth  were  thus  stopped  so  completely  after  a  short  time 
that  water  could  be  forced  through  it  with  difficulty  or  not  at  all; 
sometimes,  also,  the  peat  would  expand  again  after  the  pressure  was 
taken  off. 

At  the  present  time  there  is  a  revival  of  interest  in  this  country  in 
the  possibilities  of  using  great  pressure,  vacuum  pumps,  sieves,  and 
similar  devices  for  drying  wet  peat.  Those  inventors  who  are 
attempting  to  develop  processes  depending  on  these  and  like  princi- 
ples will  learn  what  to  avoid  by  a  careful  study  of  the  types  of  peat 
presses  developed  by  German  experimenters  and  abandoned  in  the 
middle  of  the  last  century,  as  described  in  the  older  standard  Euro- 
pean peat  manuals. 

ESSENTIAL  PROCESSES. 

In  considering  the  development  and  construction  of  a  factory  for 
making  machine  peat,  the  following  processes  must  be  provided  for: 
Digging  the  peat,  transportation  to  the  machine,  grinding,  removal 
to  the  drying  grounds  or  sheds,  care  during  drying,  and,  usually, 
subsequent  stacking  and  storage.  If,  as  is  often  the  case  in  Europe, 
the  peat  machine  is  placed  on  the  bog  at  or  near  the  opening  from 
which  the  peat  is  dug,  the  second  process  is  eliminated,  as  the  material 
may  be  dug  and  placed  in  the  machine  by  one  operation,  either  by 
hand,  by  a  dredge  bucket,  or  by  a  mechanical  digger  and  elevator. 
Digging,  macerating,  and  spreading  form  a  continuous,  automatic 
operation  in  the  latest  types  of  self-propelling,  portable  plants  now 
being  tested  in  America  and  Europe. 

DESCRIPTION  OF  PEAT  MACHINE. 

The  peat  machine,  or  null,  is  the  important  part  of  the  plant,  and 
should  be  the  focus  of  all  the  other  parts.  Especial  attention  should 
be  given  to  the  importance  of  having  each  stage  of  the  manufacture 
as  nearly  continuous  with  the  one  before  it  as  possible. 

The  peat  machine  has  been  developed  rather  slowly  and  the  best 
models  are  of  strong  and  simple  construction.  In  principle  and  form 
the  latest  types  are  much  like  tlie  pug  mill  or  grinding  machine  for 
plastic  clay.  Some  of  the  experimental  plants  in  the  United  States 
have  used  ordinary  brick  or  tile  makers'  pug  mills,  with  very  slight 
changes,  to  grind  peat,  especially  that  with  little  fibrous  matter,  and 
have  found  them  well  suited  for  the  purpose. 

The  earliest  German  peat  machines  of  this  type  of  construction 
appeared  about  1860  and  were  vertical  iron  cylinders,  in  the  upper 
part  of  which  knives,  fastened  to  a  slowly  revolving  axis,  cut  and 
ground  the  peat.    It  was  then  subjected  to  pressure  by  a  revolving 
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screw  at  the  lower  part  of  the  cylmder  and  forced  through  a  rectan- 
gular tube,  opening  at  the  side  of  the  machine.  This  shaped  the 
mass,  which  as  it  issued  from  the  opening  was  received  on  movable 
boards  and  cut  into  bricks  by  hand.  This  type  of  machine  worked 
well  with  structureless  peat,  but  its  operation  was  slow  and  the  knives 
soon  became  clogged  when  fibrous  peat  was  introduced  into  the 
cylinder.  The  type  has  gradually  given  place  to  one  having  a  hori- 
zontal  iron  cylinder  and  a  swiftly  rotating  axis  armed  with  spirally 
arranged  knives  and  flanges.  These  act  as  screws  to  press  the  peat 
forward  to  the  constricted  outlet  end  of  the  cyKnder,  while  they  are 
mixing  and  macerating  it,  and  in  passing  through  them  the  peat  is 
reduced  to  a  fine-grained  or  structureless,  homogeneous  pulp. 

TYPES   OP  MACHINES. 

The  most  recently  devised  and  efficient  form  of  this  class  of 
machines  has  a  hopper  for  receiving  the  peat  at  the  inlet  end,  doora 
in  the  outer  casing,  by  which  all  working  parts  can  be  easily  reached, 
and  a  device  for  cutting  the  strand  of  peat  pulp  into  bricks  of  uniform 
length  as  it  issues  from  the  orifice.  In  some  models  the  vertical  body 
is  still  retained,  in  others  there  is  a  combination  of  vertical  and 
horizontal  cylinders.  In  some  machines  the  knives  are  separate 
from  the  screw  flanges,  but  mounted  on  the  same  shaft  with  them; 
in  others  the  flanges  of  the  screw  are  sharpened  and  work  against 
stationary  knives  set  fast  in  the  cast-iron  walls  of  the  cylinder;  still 
others  have  both  fixed  and  movable  knives,  the  cutting  edges  of  which 
work  together  like  the  blades  of  a  scissors;  a  few  models  have  been 
built  and  placed  on  the  market,  with  two  knife-armed  shafts  revolving 
in  opposite  directions.  Many  types  of  peat  machines  have  been 
patented  in  the  United  States,  but  few  of  them  have  ever  been  really 
used,  and  most  of  them  follow  European  models. 

European  manufacturers  make  peat  machines  in  all  sizes.  The 
smallest  are  run  by  the  power  furnished  by  a  single  horse,  and  with 
the  help  of  a  few  men  turn  out  3  or  more  tons  (air-dry  weight)  of 
peat  bricks  per  day.  The  largest  must  be  equipped  with  powerful 
engines  and  accessories  and  require  the  services  of  from  15  to  25  men 
and  boys  to  dig  the  peat  and  handle  the  60,000  to  80,000  peat 
bricks,  amounting  when  dry  to  50  or  more  tons  of  fuel,  made  in  a 
successful  day^s  run. 

DESIRABLE   QUALITIES   OF  MACHINES. 

In  all  of  these  variations  in  the  form  of  peat  machines,  the  pui^se 
is  to  reduce  quickly  and  effectively  to  a  fine  pulp  all  of  the  coarse 
matter  found  in  the  peat.  This  also  must  be  done  with  the  fewest 
possible  delays  from  breakage  of  parts  of  the  machine  or  from  dog- 
ging caused  by  the  fibers  of  the  peat  winding  around  the  shaft  or  t«he 
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knives,  or  from  pieces  of  wood  or  even  of  stone  becoming  fast  in 
their  passage  through  the  machine. 

The  possibilities  of  such  obstructions  require  strong  and  heavy 
construction  and  easy  accessibility  of  all  working  parts  so  that  they 
can  be  quickly  cleaned  when  clogged,  and  replaced  when  broken. 
The  best  peat  machine  to  purchase  is  the  one  which  will  most  rapidly 
and  completely  grind  the  greatest  quantity  of  peat  in  a  given  tune 
with  the  least  power  and  attention  and  will  produce  a  uniformly  well- 
macerated  pulp  from  all  types  of  peat  that  are  suitable  for  fuel. 
Such  a  machine  should  be  strong  and  simple,  and  its  parts  should  be 
capable  of  being  quickly  and  easily  reached  and  adjusted  when  nec- 
essaiy.  In  most  of  the  peat  machines  now  in  use  the  grinding  parts 
are  made  so  that  their  angle  of  setting  can  be  changed  according  to  the 
kind  of  peat  that  is  to  be  manufactured — a  most  necessary  improve- 
ment where  peat  is  as  variable  in  structure  as  it  is  in  the  United 
States. 

Many  models  of  peat  machines  of  the  type  just  described  are 
manufactured  in  various  European  countries,  and  a  few  excellent 
ones  are  advertised  as  manufactured  in  the  United  States;  from 
among  them  all  a  form  to  meet  almost  every  need  can  be  found. 

The  principal  types  of  European  peat  machines  of  modem  construc- 
tion are  fully  described  and  illustrated  in  a  recent  publication  of  the 
Canada  Department  of  Mines  ^  to  which  the  reader  is  referred  for 
further  details.  Reference  to  the  catalogues  of  the  manufacturers 
in  this  country  and  Europe  is  also  suggested. 

The  most  efficient  of  the  machines  now  in  use,  under  favorable  con- 
ditions of  operation,  reduce  by  about  one-third  the  bulk  of  a  mass  of 
wet  peat  as  it  passes  through  them.  This  is  done  partly  by  squeezing 
out  a  portion  of  the  water,  but  more  of  the  condensation  is  caused  by 
crushing  the  fibrous  and  woody  structures,  and  by  releasing  included 
gases  during  the  maceration  and  kneading  that  the  peat  receives  while 
in  the  machines.  There  is  little  true  compression,  as  the  pressure 
exerted  on  the  peat  is  not  sufficient  to  remove  much  of  the  water 
from  it,  and  because  the  peat  is  not  Qpnfined,  such  pressure  as  is 
brought  to  bear  upon  it  only  causes  it  to  move  forward  in  the  cylinder 
and  flow  freely  from  the  outlet. 

METHODS   OF   MOUNTING   MACHINES. 

Peat  machines  are  mounted  in  several  different  ways.  Some 
designed  to  be  used  on  the  bog  are  placed  on  timber  platforms,  either 
on  rollers  or  trucks;  others  are  mounted  on  cars,  together  with  the 
boilers  and  engines  used  for  running  them,  and  the  whole  plant 
takes  up  Uttle  space  and  is  very  portable,  so  that  it  can  be  moved 
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about  wherever  rails  can  be  laid.  This  kind  of  moimting  has  been 
extended  by  the  use  of  broad-tired  iron  or  wooden  wheels,  or  mov- 
able roller  platforms  such  as  are  conmK)n  on  agricultural  machinery 
in  the  United  States;  thus  the  entire  plant  becomes  as  mobile  as  a 
thrashing  machine,  the  main  factor  being  the  weight  of  the  larger 
sizes  of  peat  machines.  This  weight,  if  prc^erly  distributed,  is  no 
insuperable  matter,  and  in  Canada  in  1911  the  largest  size  of  peat 
machine  is  reported  as  successfully  tried  on  a  trackless  self-moving 
portable  plant.  The  practice  of  using  movable  rails,  however,  is  sat- 
isfactory in  most  places,  and  as  rails  are  used  constantly  for  trans- 
porting the  macerated  peat  or  the  finished  peat  bricks  from  machine 
to  drying  grounds  and  thence  to  storage  or  shipping  point,  they  are 
always  available. 

DIQQINO  MACHINEBY. 

Until  recently  but  little  machinery  has  been  used  for  digging  the 
peat,  which  is  the  initial  task  of  actual  peat  fuel  production.  By  far 
the  larger  percentage  of  peat  made  into  fuel  in  European  countries  is 
still  dug  by  hand  labor.  Within  the  past  few  years,  however,  as 
larger  machines  and  plants  have  been  built,  prominent  makers  of 
peat  machinery  have  been  constructing  mechanical  diggers  operated 
by  steam  or  electric  power. 

Power  digging  machines,  so  far  as  descriptions  have  been  received, 
are  either  of  the  form  of  the  hand-power  machines  already  described 
(pp.  88-89)  but  of  larger  size,  or  of  the  chain-and-bucket  type.  The 
latter,  although  effective  in  peat  of  the  more  completely  decomposed 
kinds,  can  not  be  satisfactorily  used  where  stumps  and  other  poorly 
decomposed  tree  remains  are  abundant,  as  they  sometimes  are,  unless 
the  machines  are  of  very  strong  construction.  The  most  recent 
models  of  this  type  of  digging  machinery  developed  in  Europe  are 
reported  to  be  satisfactory.  They  have  the  advantage  over  other 
forms  of  diggers  of  mixing  the  peat  from  different  beds,  thus 
securing  a  homogeneous  product. 

DIPPBB  D&SDGXa. 

In  general,  the  dipper  dredge,  or  its  land  equivalent,  the  steam 
shovel,  would  seemingly  be  more  satisfactory  and  give  better  and 
more  continuous  service  than  the  chain-and-bucket  digger.  Both 
have  already  been  tried  successfully  in  the  United  States  in  peat 
operations  and  are  still  in  use  at  several  plants  where  peat  is  produced. 

The  statement  has  been  made  that  the  dipper  dredge  can  not  be 
used  because  of  the  danger  of  including  material  from  bdow  the  peat, 
but  this,  of  course,  is  merely  an  operating  detail,  which  can  readily 
be  provided  for.  This  form  of  machinery  will  probably  be  much  more 
freely  used  in  this  coimtry  as  a  peat  industry  develops  than  it  has 
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been  in  Europe,  as  digging  machines  of  some  kind  will  be  a  practical 
necessity  in  the  United  States,  whatever  the  type  of  material  pro- 
duced. It  will  always  be  necessary  to  dig  a  much  larger  weight  of  peat 
than  will  be  sold.  Thus  a  machine  that  can  produce  50  tons  of  salable 
fuel  in  a  day's  run,  if  it  is  to  be  kept  up  to  its  capacity,  must  be  pro- 
vided with  approximately  10  times  as  much  raw  material  because 
the  latter  is  about  90  per  cent  water  and  other  waste.  If  the  macer- 
ating machine  is  not  kept  busy,  the  productive  part  of  the  plant  will 
be  idle  some  of  the  time.  To  dig  and  move  the  required  amount  of 
wet  peat  by  hand  labor  would  mean  a  high  labor  cost,  which  could 
hardly  be  tolerated  under  existing  economic  conditions.  Even  in 
small  plants  where  the  excavating  machinery  would  be  idle  part  of 
the  time  its  use  will  probably  be  foimd  more  economical  and  satis- 
factory than  dependence  on  hand  digging. 

AUGER  DIGGING  MACHINES. 

Many  years  ago  in  Canada  a  scow  was  equipped  with  very  large 
augers,  which,  on  being  driven  into  the  peat,  dug  it  out  of  the  bog  and 
elevated  it,  making  a  canal  as  the  digging  progressed.  Recently,  in 
one  of  the  experimental  portable  plants  devised  in  the  United  States, 
augers  of  much  smaller  size  and  of  different  form  have  been  used  to 
excavate  and  macerate  peat.    Their  use  is  reported  to  be  satisfactory. 

MECHANICAL   CONVEYERS   AND   ELEVATORS. 

AH  of  the  large  peat  machines  manufactured  in  Europe  are  pro- 
vided with  mechanical  conveyers  and  elevators,  generally  of  the  belt 
or  chain-and-bucket  type,  and  sufficiently  long  to  reach  from  the 
bottom  of  the  excavation  to  the  hopper  of  the  machine  when  the 
latter  is  placed  near  the  opening  in  the  bog.  The  peat  as  it  is  dug  is 
thrown  on  the  elevator,  conveyed  to  the  machine,  and  dropped  into 
the  hopper ;  thus  time  and  labor  are  saved.  The  conveyers  are  usually 
operated  and  adjusted  as  a  part  of  the  peat  machine,  being  placed 
either  at  one  end  or  at  one  of  the  sides,  and  the  same  engine  runs  both. 

If  the  peat  machiae  is  permanently  placed  in  a  building,  the  ele- 
vator may  still  be  used,  or  it  may  be  discarded,  as  the  cars  loaded 
with  peat  can  be  drawn  up  an  inclined  plane  to  a  bin  placed  in  a  loft 
above  the  machine,  and  the  wet  peat  can  be  fed  from  the  bin  by  a 
gravity  chute. 

TRANSPORTATION    OF   WET  PEAT. 

TRAMCARS. 

Machinery  for  transporting  to  the  drying  groimds  the  peat  bricks, 
after  the  peat  has  been  groimd  and  formed  in  the  mill,  has  been  more 
thoroughly  developed  than  that  for  digging,  and  several  types  have 
been  more  or  less  fully  worked  out  by  different  makers. 
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These  are,  first,  tramcars  running  on  tracks  temporarily  laid  on 
the  surface  of  the  bog,  and  pushed  by  men  or  drawn  back  and  forth 
by  horses  or  cables,  or,  in  the  United  States,  by  electric  or  gasoline 
locomotives.  Generally  the  cars  used  for  this  purpose  have  some 
form  of  open  wooden  or  iron  rack  so  that  a  number  of  tiers  of  wooden 
pallets  full  of  the  wet  bricks  can  be  loaded  onto  them,  but  where  the 
peat  is  spread  on  the  ground,  wooden  or  iron  dump  cars  are  nsed. 
The  tracks  are  usually  laid  out  in  such  a  way  that  the  loaded  cars  go 
out  to  the  drying  grounds  one  way  and  return  another,  and  that  part 
of  the  grounds  farthest  from  the  machine  is  first  covered.  By  sys- 
tematic and  careful  planning,  the  tracks  can  be  so  laid  that  the  num- 
ber of  men  employed  and  the  number  of  cars  used  for  moving  the 
wet  peat  bricks  to  the  drying  ground  will  be  reduced  to  a  minimum. 

CABLE  AND  CARS. 

In  Sweden  a  system  of  cable  transportation  has  been  successfully 
developed  by  which  the  cars  are  drawn  out  and  back  by  moving 
cables  kept  in  motion  by  the  engine  running  the  peat  machine. 
The  track  is  movable  and  is  laid  out  in  the  form  of  a  rectangle  with 
round  comers.  This  arrangement  reduces  the  number  of  men 
employed  by  as  many  as  are  elsewhere  required  to  move  the  cars, 
one  only  being  needed  at  the  machine  to  fasten  the  clutch  of  the 
outgoing  cars  to  the  cable  and  to  release  those  returning  empty. 
The  men  who  do  the  unloading  attend  to  stopping  and  starting  the 
cars  at  the  drying  ground.  Obviously  the  cables  in  this  system  are 
adjustable  and  can  be  moved  with  the  tracks  as  certain  parts  of  the 
drying  grounds  are  filled  and  others  come  into  use.  Provision  has 
also  been  made  for  temporarily  anchoring  the  pulleys  through  which 
the  cables  run.  This  system  is  in  successful  operation  at  the  demon- 
stration plant  of  the  Canadian  Government  at  Alfred,  Ontario,  and  is 
reported  to  decrease  materially  the  cost  of  handling  the  peat.  In 
connection  with  this  cable  system,  the  peat  is  generally  run  directly 
from  the  peat  machine  into  iron  cars  without  bricking.  Thence  it  is 
taken  to  the  drying  ground  and  there  spread  into  a  flat  sheet  and 
marked  off  into  bricks  by  a  device  called  a  "field  press."  This  is  in 
effect  a  heavy  sledlike  platform  with  a  number  of  thin  knives  extend- 
ing out  behind,  which  mark  off  the  peat  longitudinally  as  it  is  spread 
and  compacted  by  the  passage  of  the  slanting  platform;  the  cross- 
cutting  is  done  by  hand.  The  platform  is  slightly  higher  in  front 
than  behind  and  has  an  opening  at  the  front  .end  into  which  the 
peat  is  turned  from  the  cars.  The  platform  is  moved  in  only  one 
direction,  away  from  the  opening  in  the  bog,  and  the  motive  power 
is  a  special  cable  operated  from  the  engine;  when  it  has  been  drawn 
the  length  of  the  drying  ground  in  one  direction  it  is  placed  on  a 
specially  built  car  and  moved  back  the  length  of  the  drying  ground 
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for  a  new  start.  By  using  this  machine  and  the  cables  the  number 
of  men  employed  is  reduced  and  the  cost  of  handling  the  bricks 
materially  lessened;  the  very  considerable  investment  for  pallets  on 
which  to  handle  the  bricks  may  also  be  avoided  entirely.  This  plan 
has  been  adopted  at  Alfred,  Ontario,  and  is  very  effective  and  suc- 
cessful there.  The  peat  bricks,  after  they  have  become  dry  and  firm 
enough  to  handle,  are  turned  and  subsequently  are  stacked  in  small 
conical  piles,  and  when  sufficiently  dry  are  removed  from  the  drying 
grounds  to  the  storage  sheds  or  to  cars  on  which  they  are  shipped. 
The  peat  bricks  are  carried  to  the  cars  on  barrows  or  fight  cars  pro- 
vided with  racks,  some  of  which  are  so  built  that  their  load  can  easily 
be  dumped.  Elsewhere  the  cars  are  simply  platforms  on  which  may 
be  placed  several  handbarrows  into  which  the  peat  bricks  have  been 
loaded  as  soon  as  dry. 

CONVEYERS. 

Another  successful  means  of  peat  transportation  is  movable 
mechanical  conveyers  leading  from  the  machine  to  the  drying  grounds 
and  back.  Such  conveyers  can  be  used  in  places  where  cars  and 
tracks  can  not,  but  they  are  expensive  to  iostall  and  maintain — at 
least  as  made  by  the  foreign  manufacturers.  The  extensive  use  of 
various  kinds  of  conveyers  for  many  purposes  about  factories  in  the 
United  States  makes  it  seem  probable  that  similar  use  of  them  could 
be  made  in  transporting  the  loaded  paUets  of  peat  bricks  to  the  drying 
grounds  and  in  returning  empty  ones.  It  is  also  probable  that  some 
form  of  belt  conveyer  might  be  made  to  serve  the  same  purpose. 

CHAIN  CONVEYERS. 

An  even  simpler  plan  has  been  used  in  Florida.  The  peat  is  first 
ground  and  thoroughly  reduced  to  a  pulp;  then,  without  being  formed 
into  bricks,  it  is  conveyed  by  a  common  belt  conveyer  in  a  long 
movable  trough  to  the  drying  ground  and  spread  in  a  sheet  about 
8  inches  thick  by  a  speciaUy  devised  spreader.  This  spreader  is  a 
wooden  scraper  mounted  on  wheels  and  drawn  by  a  cable.  The  peat 
is  not  marked  off  into  bricks,  but  as  it  dries  and  contracts  it  breaks 
into  prismatic  pieces,  which  are  easily  dried  and  handled.  If,  as  was 
done  at  Orlando,  Fla.,  the  peat  is  piled  in  heaps  after  grinding,  it 
dries  slowly  and  must  be  cut  into  blocks  before  it  can  be  used  to  ad- 
vantage.   This  operation  materially  increases  the  cost  of  production. 

AERIAL  CABLES. 

In  a  plant  now  being  installed  in  Ireland  for  making  ammonia  from 
peat,  cars  or  buckets  moved  by  an  elaborate  system  of  overhead  aerial 
cables  are  being  used  to  carry  the  peat  from  the  bog  to  the  plant. 
This  system  is  expensive  but  very  satisfactory  after  it  is  once  in 
operation. 
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CENTRIFUGAL  AND  VACUUM  PUMPS. 

When  thoroughly  macerated  and  sufficiently  fluid  peat  is  to  be 
dried  by  spreading,  it  could  probably  be  pumped  from  the  machine 
to  the  drying  grounds  through  iron  pipes  with  flexible  connections  by 
centrifugal  or  vacuum  pumps  and  spread  by  mechanical  means. 

DRYING  ON   RACKS. 

A  certain  amount  of  time  is  gained  in  drying  the  peat  on  racks,  as 
the  bricks  give  up  their  water  somewhat  more  rapidly  when  placed 
above  the  ground  than  when  lying  on  it;  they  also  need  less  attention 
and  require  much  less  space  for  drying  ground;  there  is^  moreover, 
less  likelihood  of  considerable  loss  from  rain.  On  the  other  hand,  a 
larger  number  of  pallets  are  required;  these  materially  increase  the 
first  cost  and  add  to  the  cost  of  maintaining  the  racks. 

DRYING  ON   THE   GROUND. 

If  the  plan  is  chosen  of  drying  the  peat  on  the  cleared  surface  of 
the  bog,  or  of  laying  it  out  to  dry  on  higher  ground,  a  good  sized 
area  should  be  made  ready  by  clearing  off  bushes  and  leveling,  so 
that  ample  space  will  be  provided;  for  if  the. output  is  50,000  or  more 
bricks  of  peat  a  day,  a  large  area  will  be  covered  at  the  end  of  a  short 
time.  If  too  Uttle  space  is  allotted  for  this  purpose,  the  entire  plant 
may  be  kept  idle  just  when  all  other  conditions  are  most  favorable 
for  production.  It  may  be  said  that  in  suitable  weather  the  bricks 
are  dry  enough  to  remove  from  the  pallets  after  a  few  days'  exposure 
and  may  then  be  piled  in  small  open  piles  or  spread  out  on  the  ground 
and  the  pallets  used  again.  If  the  peat  is  spread  directly  on  the  bog 
surface  and  formed  into  bricks  by  marking,  it  must  be  tiuTied  over 
at  least  once  before  piling.  The  best  practice  in  air  drying  calls  for 
storing  the  peat  in  covered  piles  when  it  still  contains  from  50  to  60 
per  cent  of  moisture.    Peat  so  stored  dries  into  tough  hard  fuel. 

ADVANTAGES  OF  A  COMPACT  PLANT. 

The  advantages  gained  by  confining  all  operations  as  closely  as 
possible  to  the  surface  of  the  bog  must  not  be  overlooked.  If  grinding, 
handling,  and  drying  operations  are  all  kept  as  near  as  practicable  to 
the  place  where  excavating  is  going  on  and  the  finished  product  is  all 
that  is  moved  away,  the  waste,  chiefly  water,  is  left  on  the  bog  and 
the  moving  of  the  greater  part  thereof  is  avoided. 

In  making  plans  for  equipment  it  is  clearly  better  to  install  a  small 
complete  plant,  with  only  necessary  buildingB  of  cheap  construction, 
than  to  equip  inadequately  a  large  plant  housed  in  expensive  strae- 
tures.    It  should  be  kept  constantly  in  mind  that  the  oatpat  of  a 
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well-arranged  small  plant  can  be  practically  doubled  by  duplicating 
a  part  of  the  machinery,  but  that  a  small  output  from  a  large  machine, 
with  too  little  power  and  too  few  accessories,  can  be  obtained  only 
at  a  considerably  greater  cost  per  ton  than  from  the  more  complete 
installation. 

REQUIREMENTS   FOB  A   COKMEROIAI.  PLANT. 

In  planning  to  make  air-dried  machine  peat  on  a  commercial  scale 
the  following  factors  must  be  regarded  as  essential  to  success: 

(1)  Railroad  or  other  cheap  transportation  from  the  plant  to  the 
expected  market. 

(2)  A  good-sized  area  of  peat  of  workable  thickness. 

(3)  Machinery  for  excavating  the  peat. 

(4)  A  peat  machine  of  approved  and  thoroughly  tried  pattern. 

(5)  Cars  and  portable  tracks  or  suitable  mechanical  conveyers  for 
moving  the  wet  peat  from  the  openings  in  the  bog  to  the  machine, 
from  the  machine  to  the  drying  grounds  or  racks,  and  thence  to  the 
storage  sheds,  or  to  cars  for  final  shipment.  The  self-propelling 
portable  plants  that  combine  digging,  macerating,  and  spreading 
machinery  simplify  or  eliminate  (3),  (4),  and  (5). 

(6)  Ground  space,  cleared  and  leveled,  for  drying  the  prepared 
peat,  and  if  the  peat  is  formed  into  bricks  at  the  machine,  pallets 
enough  to  move  the  possible  output  of  the  machine  for  several  days; 
room  for  storing  under  cover  imsold  finished  product  must  also  be 
provided. 

OOST  OF  FULNT. 

The  investment  necessary  for  equipping  a  plant  for  making  machine 
peat  manifestly  wiU  be  governed  by  the  output  of  fuel  contemplated, 
the  nimiber,  size,  and  kind  of  buildings  wliich  are  projected,  the 
amotmt  of  equipment  to  be  provided  for  digging  and  transportation, 
and  the  method  of  drying — whether  on  the  ground  or  on  racks.  If 
the  plan  of  spreading  on  the  ground  be  adopted,  and  the  peat  be 
formed  into  bricks  by  cross  marking  the  peat  layer  after  it  has  been 
spread  from  movable  troughs,  nmch  of  the  cost  of  tramways,  cars,  and 
pallets  will  be  avoided.  Although  this  plan  is  in  use,  it  has  not  been 
fully  described,  and  details  will  have  to  be  worked  out  experimentally 
which  will  necessarily  detract  from  its  value  when  immediate  pro- 
duction must  be  assured. 

E6TIM ATED    COST  OF  PLANTS    EQUn>PBD   WITH  AUBBIOAK   HACHINfiRT. 

The  following  tables  of  costs  have  been  furnished  by  manufacturers 
of  peat  machinery,  and  are  for  the  season  of  1909.  The  estimated 
cost  of  a  peat-fuel  plant,  fully  equipped  with  machinery  made  in  the 
United  States,  the  fuel  to  be  dried  in  the  air,  and  the  average  out- 
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put  to  be  50  tons  of  finished  product  per  day,  will  be  from  $20,000 
to  $25,000,  as  follows: 

EHimaUd  coU  of  plant  for  a  bog  that  can  not  be  drained. 

1  dipper  dredge $5, 000 

6  8COWB,  at  $250  each 1, 500 

1  scow  excavator  and  elevator  for  unloading  scows 1, 000 

1  iBCtory  building  and  power  house 2, 000 

1  boiler  (100  horsepower)  and  engine  (75  horsepower)  and  instal- 
lation   1,800 

1  heater,  pump,  and  fittings 300 

1  peat  machine  and  accessories 1, 500 

Pallets,  trucks,  and  railroad  tracks  from  building  to  drying 

grounds 2, 500 

Drying  sheds  and  racks 3, 000 

Storage  bins  and  scales 2, 500 

Miscellaneous  machinery,  tools,  railway  side  tracks,  etc 1, 000 

Blacksmithand  carpenter  shops,  tools,  etc 500 

Bog,  100  acres,  at  ^0  per  acre 2, 000 

24,600 

Such  a  plant  could  be  increased  to  lOO-tons  daily  capacity  at  a 
small  additional  outlay. 

For  a  bog  that  is  or  can  be  drained,  and  has  a  comparatively  level 
bottom,  the  dredge  could  be  replaced  by  a  forward-end  or  side  contin- 
uous-bucket excavator  costing  $3,500. 

Tracks  and  hopper-dump  tram  cars  for  tins  equipment  would  cost 
about  the  same  as  scows,  and  a  pump  and  power  to  run  it  would  be 
needed  to  keep  the  excavation  clear  of  water. 

A  plant  with  an  estimated  capacity  of  25  tons  of  finished  peat  fuel 
per  day  will  cost  about  one-third  less  than  one  of  50  tons  capacity. 

A  portable  plant  with  estimated  capacity  of  20  tons  of  finished 
product  per  day  can  be  installed  for  from  $5,000  to  $7,500.  The  peat 
machine,  boiler,  engine,  and  digging  machinery  for  this  size  plant  are 
all  installed  on  a  large,  broad  truck  running  on  a  portable  wide-gauge 
track.    The  costs  are  divided  as  follows : 

Estimated  cost  of  a  portable  plant. 

1  truck II,  000 

1 20-ton  peat  machine 1, 350 

1  mechanical  digger 250 

1  boiler  and  engine 750 

Pallets,  cars,  and  track 1, 500 

Miscellaneous  tools  and  equipment 250 

1  drainage  pimip  and  power 250 

5,350 

These  estimates  are  for  maximum  cost,  and  can  doubtless  be  reduced 
in  many  ways  by  taking  advantage  of  local  conditions.    Trackless 
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self-propelling  combined  digging;  macerating^  and  spreading  ma- 
chines, capacity  from  20  to  75  tons  per  day,  are  estimated  to  cost 
from  $5,000  to  $25,000  each.  . 

COST  OP  PLANTS   EQUIPPED   WITH   EUROPEAN   MACHINERYt 

European  machinery  is  generally  of  simple  and  strong  construction, 
and  in  the  countries  where  it  is  manufactured  the  cost  is  low,  but  the 
high  tariff  on  machinery  and  the  other  charges  incidental  to  its  impor- 
tation into  the  United  States  much  increase  the  original  price.  If 
German  machinery  of  this  type — that  which  is  most  often  quoted — 
is  sought,  the  mark  (24  cents)  must  be  more  than  doubled  in  value 
and  should  be  reckoned  at  about  60  cents.  On  this  basis  a  complete 
movable  plant,  operated  by  steam,  and  including  a  traction  engine 
and  boiler  of  from  5  to  8  horsepower;  a  peat  machine  with  a  daily 
capacity  of  30,000  peat  bricks  (about  15  short  tons)  per  day,  elevator 
belts,  and  other  equipment  for  transmitting  the  power,  cables,  tram- 
cars,  and  rails  for  moving  the  wet  peat  from  the  machine  .to  the  drying 
grounds  and  the  dry  peat  to  the  storage  sheds;  and  various  smaller 
articles,  all  of  which  are  listed  at  a  total  cost  of  8,500  marks,  would 
cost  on  the  cars  in  New  York  about  $5,000.  The  peat  machine  alone 
with  accessories,  is  quoted  at  2,000  marks  ($1,200).  Besides  the 
machinery,  storage  sheds  and  other  structures  would  need  to  be  pro- 
vided. This  class  of  plant  would  require  hand  digging,  and  13  people 
would  be  necessary  to  attend  the  machine,  dig  and  transport  the  peat, 
and  work  on  the  drying  grounds. 

A  movable  plant  having  double  the  above  capacity  and  similar  but 
more  powerful  equipment  is  listed,  exclusive  of  the  buildings,  at 
14,500  marks  ($8,700).  This  plant  requires  a  force  of  16  men  to 
carry  on  all  of  the  operations,  including  digging,  transporting, 
drying,  and  storing  the  peat. 

Among  the  most  recently  announced  European  inventions  for 
making  machine  peat  is  one  tried  in  Germany  during  the  summer  of 
1909  and  improved  the  succeeding  year.  According  to  published 
descriptions,  this  is  self-propeUing,  requires  no  tracks  for  drying 
groimds,  is  compactly  and  simply  mounted,  and  while  moving  over 
the  surface  of  the  bog,  which  must  be  drained,  it  digs,  machines,  forms, 
and  delivers  the  peat  as  bricks  on  the  drying  ground.  The  entire  plant 
weighs  about  3  tons  (3,000  kilograms)  and  requires  but  one  man  to 
operate  it.  The  motor,  which  has  a  puUing  capacity  of  20  tons,  may 
be  detached  and  used  to  draw  cars  filled  with  peat  from  the  drying 
grounds  to  the  storage  bins.  The  cost  at  the  factory  in  Germany  is 
13,000  marks,  equal  to  about  $7,500  in  New  York  on  the  above  basis. 

PRICE  OP  THE  BOG. 

Still  another  factor  to  be  taken  into  account  is  the  price  of  the  bog 
to  be  utilized.    Little  discussion  has  been  given  this  matter  because 
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iindraizml  peat  land  in  the  gratter  part  of  the  United  States  is  held 
at  a  very  low  price  per  acre,  often  merely  a  nominal  value  being  placed 
upon  it.  The  question  may  arise,  however,  as  to  the  maximum  figure 
per  acre  that  could  be  paid  for  the  bog  if  the  peat  was  to  be  dug  and 
manufactured  into  fuel  or  other  conmiercial  product.  If  the  peat  is 
of  good  quality  and  has  an  average  depth  of  5  feet,  at  least  1,000  tons 
of  air-dry  peat  fuel  can  presumably  be  made  from  each  acre.  Hence, 
if  $50  per  acre  is  paid,  the  cost  of  the  raw  material  will  be  5  cents  per 
ton ;  to  this  must  be  added  the  interest  charges  on  the  unused  portions 
of  the  bog.  These  charges  may  be  entirely  offset  by  clearing  and 
using  a  part  of  the  bog  for  growing  certain  kinds  of  crops,  as  is  often 
done  in  Germany.  Apparently,  however,  good  or  even  high  prices 
can  always  be  paid  for  suitable  and  accessible  bogs  without  imposing 
too  large  a  charge  for  raw  material  upon  the  finished  product. 

WORKING  CAFTTAL. 

In  planning  the  whole  outlay  for  a  peat-fuel  plant,  a  certain  part 
of  the  available  sum  should  be  reserved  as  working  capital,  the  pro- 
portion to  be  determined  by  the  probable  future  needs  of  the  new 
business  and  the  length  of  tiuie  before  a  maximum  output  can  be 
expected  from  the  plant. 

PROBABLE  OUTPUT  FROM  A   SMALL  PLANT. 

During  the  season,  from  the  middle  of  March  to  the  middle  of  Octo- 
ber, a  peat  machine  of  25  tons  daily  capacity  should  make  at  least 
3,000  tons  of  finished,  dry  fuel  in  nearly  any  part  of  the  United  States, 
and  in  favorable  seasons  the  output  might  easily  be  500  or  1,000 
tons  greater.  In  the  south  a  longer  season  and  larger  output  could 
be  expected;  at  the  extreme  north  the  season  would  be  shortened 
somewhat.  The  production  of  such  a  plant  could  be  doubled  by 
working  two  shifts  of  men  daily. 

Such  a  machine  would  be  much  easier  to  operate  at  its  full  capacity, 
and  to  provide  with  full  acoessoiy  equipmi^it,  than  one  of  double 
the  output.  Unless  the  znaiket  for  the  product  is  known  exactly 
beforehand,  planning  on  a  small  rather  than  on  a  lai^e  scale  is  doubt- 
less much  better.  The  small,  well-planned,  and  thoroughly  equipped 
plant  can  manifestly  be  more  easily  made  successful  from  the  out- 
set than  can  a  laige  aad  efficient  machine,  for  which  necessary  acces- 
sories are  planned  in  the  future,  but  which,  for  the  present,  must  be 
made  to  run  with  poor  and  insufficient  equipment. 

COST    OF    MANUFACTURE. 

It  is  generally  stated  by  those  who  discuss  the  question  that 
machine  peat  may  be  prepared  for  use  at  a  cost  not  exceeding  $1 
per  ton.    Doubtless  this  is  possible,  if  only  the  actual  cost  of  handling 
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be  considered,  as  in  Europe,  where  the  cheapest  labor  is  used  in  the 
manufacture  of  peat;  the  expense  for  lohor  in  its  preparation  is  gen- 
erally stated  to  be  below  75  cents  per  ton.  If,  however,  the  reports 
of  test  runs  and  of  carefully  managed  companies  be  examined,  it  will 
be  found  that,  even  in  Europe,  when  the  entire  cost  of  production 
is  reckoned  and  the  proper  chaises  for  raw  material,  management, 
selling,  maintenance,  interest,  etc.,  are  made,  the  estimated  expense 
is  often  doubled.  Hence  it  is  not  improbable  that  even  under  favor- 
able conditions  the  entire  cost  of  making  fuel  by  this  method  will 
be  more  than  $1.50  per  ton,  and  will  often  run  as  high  as  $2  or 
more  if  all  the  details  of  the  business  are  not  closely  watched.  How- 
ever, if  the  plants  are  carefully  planned  and  fully  equipped  with  all 
necessary  machinery,  so  that  slow  and  inefficient,  and  hence  costly, 
hand  labor  is  largely  eUminated  the  price  of  production  could  prob- 
ably be  materially  reduced  below  the  usual  European  figures.  In 
one  instance  in  the  United  States,  however,  a  report  was  made  that 
the  entire  cost  of  digging  by  machinery,  drying,  and  gathering  was 
about  60  cents  per  ton  of  product,  but  the  peat  was  not  formed  into 
bricks,  but  was  spread  and  gathered  by  machinery.  In  another  in- 
stance a  cost  of  less  than  $1.50  per  ton  of  dry  fuel  is  reported  where 
the  peat  was  dug  by  hand. 

SELLING    PRICES. 

Eventually  the  real  or  supposed  value  of  a  product,  the  supply  and 
demand,  the  cost  of  production  and  transportation,  the  competition 
of  similar  substances,  and  the  extent  to  which  it  can  be  monopolized, 
are  among  the  factors  which  settle  its  price  in  open  market. 

At  present  it  is  difficult,  if  not  impossible,  to  predict  the  prices 
that  machine  peat  will  command  in  the  United  States  when  once  it 
is  an  established  staple  in  the  fuel  market.  The  small  quantity  that 
has  already  been  made  and  sold  has  been  eagerly  taken  at  high  prices, 
often  seemingly  out  of  curiosity,  but  after  trial  more  has  been  asked 
for,  €md  no  complaints  have  been  made  as  to  the  price.  A  recent 
report  from  one  of  the  larger  cities  stated  that  a  dealer  in  fuel  had 
asserted  that  he  could  sell  a  number  of  thousands  of  tons  of  air-dry 
peat  bricks  at  $4.50  per  ton  if  he  could  get  them  to  sell.  Five  dollars 
per  ton  is  frequently  mentioned  as  the  retail  selling  price,  even  in 
competition  with  cheap  bituminous  coal.  In  Canada  the  Depart- 
ment of  Mines  reported  the  demand  for  peat  fuel  in  1910  to  greatly 
exceed  the  supply.  That  such  a  price  will  be  maintained  where  the 
product  is  to  be  used  for  commercial  boiler  firing  or  for  manufactur- 
ing purposes  is  hardly  to  be  expected,  but  the  wholesale  seUing  price 
would  probably  fall  to  $3  per  ton  or  below.  If,  however,  the  cost  of 
production  is  kept  down  as  it  should  be  and  the  production  of  fuel 
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is  large  enough;  the  last-mentioned  price  ofiPers  a  good  percentage  on 
the  investment  necessary  to  make  the  commodity.  Where  the 
manufacturer  is  so  well  placed  that  he  can  utiUze  his  men  and  teams 
during  unfavorable  weather  and  after  the  producing  season  is  over 
by  conducting  a  retail  business^  he  can  command  the  highest  price 
attainable  in  his  market.  This  would  apparently  be  good  practice, 
as  it  would  make  feasible  the  employment  of  some  of  the  men  for 
the  entire  year. 

LENGTH  OF  OPERATING  SEASON. 

The  estimate  of  the  length  of  the  operating  season  is  based  on 
climatic  conditions.  The  work  should  be  started  as  early  in  the 
season  as  the  frost  and  water  will  permit  the  peat  to  be  dug,  and 
carried  on  until  hard  frosts  become  frequent.  In  Florida,  where 
the  temperature  rarely  sinks  below  the  freezing  point,  the  winter, 
being  a  dry  season,  is  the  best  time  for  making  peat  fuel.  As  one 
proceeds  northward  less  and  less  of  the  winter  season  is  available, 
until  in  northern  New  England,  New  York,  Michigan,  Wisconsin, 
and  Minnesota,  peat  production,  where  air  drying  is  used,  will  be 
confined  to  spring  and  summer — possibly  six  months,  or  five  north 
of  45*^  north  latitude.  At  London,  Ontario,  the  average  for  several 
years  has  been  100  days  when  peat  powder  could  be  gathered  from 
the  surface  of  the  bog  by  a  suction  collector.  The  end  of  the  season 
comes  abruptly  when  frosts  are  heavy  enough  to  freeze  the  wet 
peat  bricks,  as  freezing  renders  very  wet  machine  peat  porous  and 
friable  and  effectually  prevents  it  from  becoming  hard  and  compact. 

COMPARISON   WITH  OTHER  INDUSTRIES. 

The  facts  enumerated  above  form  the  basis  for  some  of  the  objec- 
tions most  frequently  urged  against  attempting  the  manufacture  of 
air-dried  machine  peat  as  a  profitable  business  venture.  Sum- 
marized, they  are  that  the  season  of  manufacture  is  short;  that 
rainy  and  damp  weather  check  operations  or  suspend  them  entirely; 
and  that  the  plant  and  the  working  force  will  be  employed  only  a 
part  of  the  year,  and  then  somewhat  irregularly.  Manifestly,  how- 
ever, many  successful  industries  are  equally  handicapped,  and  just 
as  good  reasons  exist  for  discontinuing  the  beet^ugar  industry, 
lumbering,  the  harvesting  of  ice,  brickmaking,  and  other  enter- 
prises, most  of  which  require  much  larger  original  investment. 

THE  LABOR  QUESTION. 

In  Europe  a  considerable  part  of  the  labor  employed  in  peat-fuel 
manufacture  comes  from  near-by  farms  during  periods  of  slack  work, 
so  that  the  working  force  is  constantly  changing  aa  one  man  or 
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another  returns  to  his  regular  occupation.  Such  a  system  may  not 
come  into  existence  in  the  United  States,  yet  possibly  it  will,  if  the 
need  for  it  arises,  and  it  may  provide  the  labor  necessary  for  carry- 
ing on  peat-fuel  production.  During  periods  when  the  weather 
might  be  too  cold,  too  moist,  or  too  threatening  to  permit  regular 
work,  a  part  of  the  men  could  be  clearing  and  leveling  the  surface 
of  the  bog,  extracting  stumps  and  logs,  and  constructing  necessary 
ditches.  Even  in  damp  weather  wet  peat  bricks,  if  protected  from 
actual  rain,  give  up  some  moisture  to  the  air,  so  that  drying  is  never 
actually  suspended.  By  increasing  the  area  of  the  drying  grounds 
or  the  number  of  racks  the  making  and  spreading  of  peat  bricks 
could  go  on,  even  when,  otherwise,  it  would  be  suspended  because 
the  bricks  produced  could  not  be  cared  for.  If  this  work  can  be 
successfully  done  in  the  very  moist  climate  of  Ireland,  of  the  region 
around  the  Baltic  Sea,  and  even  of  Iceland,  it  must  be  possible  in  the 
much  drier  climate  of  the  United  States,  where  not  only  is  the 
amount  of  moisture  in  the  air  less,  but  the  seasons  are  longer  and  the 
average  temperature  of  the  air  several  degrees  higher — all  favoring 
conditions. 

ARTIFICIAL  DRYING. 

A  system  of  artificial  drying  is  an  ideal  of  those  who  have  been 
working  on  the  problem  of  the  sure  production  of  a  lai^e  amount  of 
peat  fuel  in  a  given  time  from  a  single  plant.  Even  recently  the 
statement  has  been  made  that  no  considerable  quantity  of  peat  fuel 
could  be  produced  in  North  America  unless  artificial  drying  could 
be  assured,  and  more  than  one  attempt  has  been  and  doubtless 
wiU  be  made  in  the  United  States  to  develop  plants  so  planned  that 
the  raw  wet  peat  as  it  is  taken  from  the  bog  can  be  put  in  at  one  end 
of  a  series  of  machines  and  turned  out  at  the  other  as  a  dry,  market- 
able fuel,  the  process  being  continuous  and  taking  but  a  few  hours. 
Mechanically,  the  plan  presents  no  great  difiiculties  and  may  be 
worked  out  in  a  number  of  different  ways,  especially  if  large  capital 
is  available. 

THE  PRACTICAL  PROBLEM. 

Relative  to  drying  machine  peat,  the  problem  to  be  solved  might 
be  said  to  be  how  to  take  the  wet  bricks  from  the  machine  and  dry 
them  by  artificial  heat  without  handling  until  the  product  was  ready 
to  be  shipped.  A  diying  chamber  of  sufficient  size  and  heated  to 
the  right  temperature  would  seem  to  furnish  a  speedy  solution  of 
this  problem,  but  for  the  following  incontestable  facts:  If  the  out- 
side of  the  peat  bricks  is  dried  rapidly  before  the  water  inside  has 
had  a  chance  to  evaporate,  and  the  moisture  inside  is  prevented 
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from  escaping,  the  bricks  shrink,  warp,  and  crack,  and  become  very 
much  more  brittle  than  if  dried  slowly.  The  result  is  an  unsatis- 
factory product.  If  the  drying  is  permitted  to  go  on  slowly  the  size 
of  the  drying  chamber  must  be  increased  sufiiciently  to  accommo- 
date the  entire  output  for  the  number  of  days  that  the  drying  is 
prolonged,  and  the  number  of  conveyors  or  pallets  and  racks  needed 
to  support  the  bricks  must  be  proportionately  increased,  so  that  the 
investment  Jiecessary  must  be  much  augmented.  The  greater  size 
of  the  chamber  needed  also  increases  the  cost  of  heating  and  moving 
the  air  by  which  the  drying  is  accomplished.  Solution  of  the  problem 
is  still  further  complicated  by  the  fact  that  the  peat  makes  the  best 
product  if  machined  very  wet.  The  bricks  seem  to  be  less  Kkely  to 
crack  under  ordinary  conditions  of  drying  and  to  be  harder,  denser, 
and  tougher  after  drying  if  the  peat  from  which  they  are  formed 
contains  from  80  to  90  per  cent  of  water;  in  addition  grinding  goes 
on  more  satisfactorily  and  smoothly,  and  with  less  consumption  of 
power.  Complications  arise,  however,  from  the  fact  that  the  higher 
the  percentage  of  water  in  the  bricks,  the  more  heat  is  required  to 
dry  them,  and  the  limit  is  soon  passed  beyond  which  more  heat  units 
are  required  to  dry  the  peat  than  the  fuel  obtained  wiQ  give  if  entirely 
burned  under  the  best  attainable  conditions'. 

Stating  the  case  in  another  form,  a  pound  of  good,  perfectly  diy 
peat  will  evaporate  6  pounds  of  water  in  a  boiler  after  the  boiler- 
water  temperature  has  been  raised  to  212°  F.  This  quantity  is 
nearly  double  that  given  by  good  European  authorities,  but  as  it  is 
based  on  a  carefully  conducted  boiler  test  made  at  the  Government 
fuel-testing  plant  at  St.  Louis,  Mo.,  it  may  be  used  as  a  maximum 
in  order  to  present  the  problem  as  favorably  as  possible.  A  ton  of 
peat  bricks  containing  85  per  cent  of  water  consists  of  1,700  pounds 
of  water  and  300  pounds  of  completely  dry  fuel.  Therefore,  if  the 
water  could  be  evaporated  from  the  peat  under  as  favorable  concU- 
tions  as  are  found  in  a  boiler,  enough  fuel  would  be  obtained  to  con- 
vert into  steam  100  pounds  more  water  than  must  be  evaporated, 
or  less  than  17  pounds;  more  fuel  than  this  would  be  needed  to  raise 
the  temperature  of  the  peat  and  the  contained  water  to  212°  F.  It 
is  evident,  therefore,  that  the  complete  artificial  drying  of  peat  by 
a  process  that  requires  a  direct  consumption  of  fuel  for  the  purpose 
must  in  itself  use  more  heat  units  than  are  yielded  by  the  product, 
and  air  of  the  power  and  labor  involved  in  preparing  the  Inicks  and 
in  handling  them  after  drying  must  be  paid  for  at  a  loss.  If  a  lai^ 
proportion  of  the  heat  used  is  waste  from  other  operations,  or  if  the 
fuel  is  such  as  can  not  be  used  in  any  other  way,  the  problem  is  quite 
different;  but  the  above  statement  holds  true,  and  the  cost  in  heat 
units  will  be  the  same,  even  if  they  are  not  used  for  any  other  purpose. 
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WA8TS  HSAT  MUST  BE  UTIUaSDw 

It  is  apparent,  therefore,  that  any  process  for  preparing  peat 
fuel  that  involves  artificially  drying  to  the  air-dried  state  peat  con- 
taining any  considerable  percentage  of  water  must  be  regarded  as 
financially  impracticable,  unless  the  heat  used  is  available  as  a  waste 
product  of  some  other  operations.  The  processes  and  machinery 
used  for  drying  products  that  have  a  higher  selling  price  than  peat 
fuel,  such  as  heated  rollers,  vacuum  evaporators  and  presses,  are  not 
applicable,  since  the  small  margin  of  profit  would  all  be  used  up  in 
the  costs  of  operation  and  maintenance  of  tlie  complicated  and 
expensive  machinery  required. 

Peat  that  has  been  dried  by  exposure  to  the  air  until  it  contains 
less  than  50  per  cent  of  moisture  may  possiUy  be  dried  for  fuel,  by 
artificial  heat,  on  a  commercial  scale,  to  the  air-dried  state,  by  some  of 
the  simpler  and  more  efficient  types  of  driers  used  in  other  industries, 
because  the  certain  and  rapid  completion  of  the  drying  at  that  stage 
may  offset  the  cost  of  the  fuel  used  and  of  the  additional  handling 
and  plant  required. 

It  is  less  practicable  to  artificially  dry  peat  with  a  high  water  con- 
tent down  to  50  or  60  per  cent  moisture,  because  the  much  greater 
weight  of  water  to  bo  handled  and  evaporated  in  proportion  to  the 
quantity  of  product  to  be  recovered  requires  much  more  heat  than  is 
needed  to  reduce  the  moisture  from  50  per  cent  to  the  air-dried  state. 
In  the  eastern  United  States  the  amount  of  moisture  ia  completely 
air-dried  peat  rarely  exceeds  15  per  cent  and  may  be  as  low  as  6  or  8 
per  cent;  it  varies  as  the  moisture  in  the  air  varies. 

From  the  facts  given  and  also  from  the  requirement  that  all  costs 
in  any  system  of  artificial  drying  must  be  borne  by  the  product,  it  ia 
apparent  that  the  problem  of  artificially  drying  peat  is  decidedly  com- 
plex and  can  be  worked  out  only  by  those  who  have  had  special 
training  and  experience  in  designing  and  building  drying  machinery  for 
similar  purposes  and  fully  appreciate  the  difficulties  involved  in  this 
class  of  work.  Any  plan  to  be  successfully  incorporated  in  machinery 
for  completely  freeing  freshly  dug  peat  from  its  high  percentage  of 
water  uxuat  provide  for  the  utilization  of  large  quantities  of  waste 
heat  or  of  fuel  that  has  no  other  economic  uses. 

WBIOHT  OV   WATBB  TO    BB    BVAPOBATBD  Ut  DRTIIIO   TX)    VARIOUS  PBRGBNTAOE8    OF 

MOISTURE. 

The  table  following  shows  the  weight  of  water  that  must  be  evapo- 
rated from  a  ton  of  peat  as  its  water  content  is  lowered,  by  10  per 
cent  stages,  from  90  per  cent  to  10  per  cent. 
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Weight  of  water  evapcraud  from  a  ton  of  peat  as  its  water  content  is  lowered,  by  10  per 

cent  stages ,  from  90  per  cent  to  10  per  cent. 


Percentage 

of  water  in 

peat. 

Total 
dry-peat 
content. 

Water 
content. 

Water 

evaporated 

for  each  10 

percent 

reduction. 

Residue 

left  for 

each  10 

percent 

reduction. 

Total 
amount  of 

water 
evaporated. 

go 

80 
70 
60 
50 
40 
30 
20 
10 

Powidt. 
200 
200 
200 
200 
200 
200 
200 
200 
200 

Pounii. 

1,800.0 

800.0 

466.7 

300.0 

200.0 

133.3 

85.7 

50.0 

22.2 

PottfMtf. 

Pound: 
2,000.0 
1,000.0 
666.7 
500.0 
400.0 
333.3 
285.7 
250.0 
222.2 

Poundi. 

1,000.0 

333.3 

166.7 

100.0 

66.7 

47.6 

35.7 

27.8 

1,000.0 
1,333.3 
1.500.0 
1,600.0 
1.666.7 
1,714.3 
1,750.0 
1,777.8 

It  will  be  seen  from  the  above  table  and  the  accompanying  figure 
(fig.  1)  that  eight-ninths  of  the  water  in  a  ton  of  wet  peat  is  evaporated 
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WEIGHT  or   WATER  EVAPORATED  FROM  1  TON  OF  PEAT  .POUNDS 
FiouBB  1.— Relation  between  weight  and  moisture  content  of  peat. 

in  reducing  the  water  from  90  per  cent  to  50  per  cent,  whereas  1,000 
pounds,  or  five-ninths  of  the  whole,  disappears  in  reducing  it  from 
90  per  cent  to  80  per  cent. 

It  is  manifest,  also,  that  only  250  pounds  of  peat  containing  20  per 
cent  of  water  will  be  left  as  the  result  of  all  the  processes  and  labor 
by  which  a  finished  product  is  made  from  the  ton  of  wet  material. 

PEAT  POWDEB. 

There  seems  to  be  a  much  greater  possibility  of  artificially  drying 
peat  in  the  form  of  powder  or  small  fragments  than  as  machine- 
formed  bricks,  because  such  material  can  be  handled  in  much  smaller 
space  and  more  rapidly  and  cheaply  than  can  the  bricks.    The  small 


USES  OP  PEAT  FOR  FUEL  AND  OTHEB  PURPOSES.  Ill 

particles  also  dry  more  quickly  and  are  not  injured  by  warping, 
cracking,  or  by  becoming  brittle.  The  peat  will  dry  more  rapidly  if 
thoroughly  macerated  before  it  is  put  into  the  diyer  than  if  it  is  used 
as  dug. 

Although  the  fundamental  factors  involved  in  drying  peat  by  arti- 
ficial heat  are  not  much  more  favorable  for  producing  peat  powder 
than  peat  bricks,  the  possibility  of  making  the  continuous  process  a 
commercial  success  seems  considerably  greater  for  the  powder  than 
for  the  bricks.  This  opinion  is  held  because  the  cost  of  equipment  can 
be  made  considerably  less,  heat  can  be  applied  more  directly,  and  the 
expenses  for  handling  the  product  in  powdered  form  can  be  reduced 
materially  at  all  stages  after  it  leaves  the  peat  machine.  Moreover, 
the  production  of  dry  peat  as  powder  can  be  assured  at  any  season  of 
the  year,  as  freezing  would  scarcely  injure  it  at  any  step  of  its  prepa- 
ration. In  fact,  the  powdery  condition  induced  in  all  types  of  peat  by 
continued  freezing  and  thawing  would  then  be  desirable  and  would 
naturally  be  adopted  as  one  of  the  preliminary  stages  of  the  process. 

Because  peat  is  readily  reduced  to  a  powdered  form,  has  a  larger 
percentage  of  volatile  matter  than  coal^  and  bums  with  a  hot  flame, 
it  is  well  adapted  for  use  in  powder  burners.  For  this  purpose  the 
peat  does  not  need  to  be  crushed  as  fine  as  coal  because  of  its  more 
porous  structure,  which  permits  the  penetration  of  air,  thus  insuring 
complete  combustion.  It  also  ignites  at  a  lower  temperature  than 
coal. 

METHODS   AND   ADVANTAGES   OF  USE   OP  POWDERED   FUEL. 

It  is  well  known  among  users  of  fuel  that  various  types  of  familiar 
materials  are  now  burned  as  powder  by  the  use  of  specially  designed 
blast  burners.  Sawdust  and  powdered  coal  have  been  used  for  a 
number  of  years  in  burners  of  this  type,  and  most  satisfactory  reports 
have  been  made  by  the  users.  The  claims  are  made  that  the  combus- 
tion with  this  form  of  firing  is  so  complete  that  there  is  no  black  smoke 
from  coal,  that  the  efficiency  of  the  fuel  is  increased,  and  that  much 
less  attention  is  required  than  when  firing  is  done  in  the  ordinary  way. 
The  use  of  powdered  coal  has  passed  beyond  the  experimental  stage  in 
Portland  cement  manufacture  and  in  firing  boilers  in  Europe  and  the 
United  States.  Manufacturers  of  the  improved  forms  of  powder 
burners  claim,  for  a  given  type  of  coal,  an  increase  of  from  15  to  20 
per  cent  in  efficiency  over  common  grate  firing,  and  facts  seem  to 
warrant  the  claims. 

Such  burners  can  be  regulated  for  automatic  fuel  feed,  for  furnish- 
ing the  proper  amount  of  air,  and  for  blowing  the  fuel  into  the  fire 
box,  where  it  bums  almost  exactly  like  a  gas. 

661^— Bull.  16-11 8 
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EUROPEAN   TESTS. 

A  report  of  tests  made  in  Sweden  in  1907  of  peat  powder  burned 
in  burners  of  this  type  is  here  quoted  as  cited  by  Nystrom:  " 

The  fuel  is  very  easily  ignited  in  the  fire  box,  but  no  danger  of  self-ignition,  which 
is  often  the  case  with  other  powdered  and  somewhat  moist  fuels,  need  be  feared. 

The  combustion  of  the  fuel  can  be  easily  regulated  so  that  the  ash  is  always  free 
from  any  unbumed  particles  of  carbon,  and  so  that  the  carbon  and  hydrocarbons 
in  the  fuel  will  be  at  once  completely  burned  to  carbon  dioxide  and  water,  thus  giving 
the  highest  temperature  with  either  a  weak  or  a  strong  oxidizing  flame  (the  former 
with  just  enough  air  for  the  combustion  and  the  latter  with  excess  of  air).  The  com- 
bustion can  also  be  so  regulated  that  a  producer  gas  with  only  a  small  percentage  of 
carbon  dioxide  and  of  comparatively  high  temperature  (light-red  heat)  is  formed. 
This  hot  gas  is  then  carried  to  the  furnace  room  proper,  where  it  is  burned  to  carbon 
dioxide  and  water,  there  giving  the  highest  temperature.  This  producer  gas  can 
be  used  for  reduction,  or  in  reheating  furnaces  where  the  heated  material  must  be 
kept  from  oxidation,  and  then  afterwards  burned  in  other  furnaces. 

The  change  from  oxidizing  to  reducing  flame,  or  vice  versa,  can  be  very  easily 
and  quickly  made. 

The  quantity  of  the  fuel  and  the  required  amount  of  air  can  at  any  time  and  in 
either  of  the  above  cases  be  exactly  regulated  as  required,  and  in  case  no  change  ia 
required  no  attendance  is  necessary  after  the  valves  are  once  regulated  [in  the  special 
type  of  burner  examined]. 

The  powder  gives  the  highest  temperature  which  can  be  employed  in  furnaces 
with  a  considerably  less  consumption  than  can  be  obtained  with  any  other  of  the 
solid  fuels,  and  it  can  be  used  for  the  melting  of  glass,  cast  iron,  steel,  soft  iron,  and 
other  metals.  The  right  temperature  is  more  quickly  obtained  through  the  com- 
bustion of  the  powder  than  by  the  older  methods. 

Furnaces  for  using  this  fuel  are  considerably  cheaper  to  erect  than 
those  designed  for  the  use  of  other  fuels. 

Capt.  Ernst  Wallgren,  chief  peat  engineer  of  the  Swedish  Govern- 
ment, in  an  official  report  of  tests  made  by  him  in  1910  and  preceding 
years  at  the  Ekelund  plant  at  BS.ck,  Sweden^  states  in  substance: 

(1)  Peat  powder  could  be  produced  at  this  factory  in  commercial  quantities  if  the 
plant  were  run  for  a  full  season  at  its  present  estimated  annual  capacity  of  10,000 
metric  tons  at  a  maximum  cost  of  8.50  kroner  ($2.30)  a  metric  ton  (2,204  pounds),  all 
charges  included. 

(2)  This  cost  could  be  reduced  by  increasing  the  size  of  the  plant  and  the  output 
or  by  making  contemplated  changes  in  equipment. 

(3)  The  peat  powder  when  burned  by  the  method  used  at  Back  was  equal  in  fuel 
value  to  the  best  English  coal,  ton  for  ton. 

(4)  This  discovery  makes  Sweden  independent  of  other  countries  for  fuel  supplies 
for  industrial  uses. 

These  reports  and  those  that  have  come  independently  from 
Canada,*  where  peat  powder  is  used  to  a  limited  extent  for  boiler 
firing,  show  clearly  that  tliis  type  of  fuel  is  an  especially  desirable  one, 
which  needs  more  extended  and  careful  examination,  so  that  it  may 

a  Nystrom,  E.,  Peat  and  lignite;  their  manufacture  and  uses  in  Europe,  Canada  Department  oCMineSt 
Mines  Branch,  1908,  pp.  171-172. 
« l^ee  also  Can.  Dept  Mines,  Mines  Branch,  Boll.  No.  4,  2d  ed.,  1910,  pp.  19  and  31  to  44. 
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have  a  greater  use  for  cement  manufacture  and  steam  production 
generaUy  if  it  proves  to  be  as  valuable  as  the  reports  indicate.  The  peat 
for  making  peat  powder  by  the  system  mentioned  (Ekelund's)  is  dug, 
machined,  spread  on  the  bog,  cut  into  bricks,  and  dried  by  exposure 
to  the  air  to  50  per  cent  water  content.  The  bricks  are  then  crushed 
and  the  powder  dried  in  drying  furnaces. 

SPECIAL  GATHERING   SYSTEMS. 

For  the  preparation  of  peat  in  the  powdered  form  a  system  of  gath- 
ering the  peat  as  air-dried  powder  by  a  special  type  of  collector  has 
been  developed  in  Canada.  The  cleared  and  smooth  surface  of  the 
bog  is  lightly  stirred  by  harrowing,  and  after  a  few  hours'  exposure 
to  the  wind  and  sun  the  thin  layer  becomes  dried  to  30  per  cent  or 
less  of  moisture.  The  dry  particles  are  then  gathered  by  a  pneumatic 
collector  operated  on  the  same  principle  as  the  exhaust  carpet  cleaners 
that  are  now  so  generally  used.  The  collector  is  operated  electrically 
and  runs  on  rails,  which  can  be  moved  whenever  necessary.  The 
peat,  with  its  low  percentage  of  moisture,  is  taken  to  the  plant  in  the 
cars  that  receive  it  from  the  collector;  there  it  is  screened  and  its 
moisture  content  still  further  lowered  by  artificial  drying,  after  which 
the  powder  is  ready  for  use.  It  is  shipped  in  bags  and  may  be  stored 
without  deteriorating.  The  statement  is  made  that  each  collector  on 
a  favorable  day  will  gather  from  40  to  50  tons  of  air-dried  peat  pow- 
der from  a  drained  and  well-prepared  bog. 

Although  this  method  of  drying  peat  powder  is  manifestly  open  to 
the  same  objection  as  any  form  of  drying  out  of  doors,  it  is  equally 
clear  that  by  increasing  the  number  of  collectors  and  the  area  of  the 
surface  from  which  the  air-dried  material  can  be  gathered  in  favor- 
able weather  great  quantities  of  air-dried  powder  may  be  stored  for 
complete  drying  during  rainy  days  or  during  the  winter,  especially  if 
the  peat  is  produced  in  quantities." 

This  dry  material  coiild  be  stored  either  in  permanent  and  strong 
storage  bins,  constructed  for  the  purpose,  or  in  large  stock  piles, 

a  Another  system  of  producing  air-dry  peat  powder  was  invented  in  Canada.  It  is  now  in  use  there 
at  the  peat-briquet  plant  of  the  inventor  and  in  the  United  States  at  two  factories  producing  peat 
for  fertilizer  uses.  The  simple  and  efficient  machinery  used  consists  of  three  separate  machinea— a  digger 
and  spreader,  a  scraper,  and  a  collector.  Each  of  these  is  mounted  on  broad  roller  wheels  and  driven 
by  electric  motors,  to  which  current  is  supplied  from  a  central  generate  through  trailing,  insulated  wires. 

The  digger  and  spreader,  although  mounted  and  workiog  together  are  distinct  machines.  The  digger, 
a  piow-Uke  disk  revolving  at  one  side  of  the  machine,  cuts  the  peat  to  a  depth  of  12  to  18  inches  and  delivers 
it  to  a  belt  conveyor.  This  draws  it  across  the  front  of  the  machine  and  up  a  chute  projecting  from  the 
side  opiMKite  the  digging  disk.  At  the  upper  end  of  the  chute  is  a  rapidly  revolving  propeller-shaped  fan, 
whkdi  tears  the  peat  into  bits  and  scatters  it  broadcast  over  the  surfoce  of  the  bog,  which  is  stripped  of 
all  vegetation  before  being  used  as  drying  ground.  The  ix)wdered  peat  dries  in  a  few  hours  and  is  scraped 
Into  windrows  by  the  scraper  which  at  the  same  time  rolls  the  surface,  thus  preparing  It  for  the  next  spread- 
ing. The  windrows  are  made  near  ixntable  tramways  at  the  sides  of  the  drying  fields,  and  the  peat  is 
mechanically  loaded  on  tram  cars  by  a  simple  loadiog  machine  and  drawn  by  an  electric  locomotive  to 
the  stocBge  piles  or  sheds,  after  which  drying  is  completed  by  artificial  heat.  This  system  must  be  used 
on  dry  drained  bogs. 
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which;  although  they  might  become  wet  and  frozen  on  the  outside, 
would  remain  dry  and  free  from  frost  a  short  distance  below  the  sur- 
f  ace,  because  penetration  of  the  mass  by  either  water  or  cold  would  be 
very  slow,  owing  to  the  insulating  and  nonabsorbent  qualities  of  the 
material. 

COST  OF  EQUIPMENT. 

The  cost  of  erecting  and  fitting  out  a  pi  ant  for  making  peat  pow- 
der is  estimated  by  the  inventor  of  the  Swedish  process  mentioned  to 
be  about  $100,000  for  a  plant  having  an  output  of  20,000  tons  per 
year.  This  amount  includes  the  cost  of  the  peat  deposit;  the  cost 
of  manufactiu-e  is  given  as  less  than  $2.35  per  ton. 

No  figures  are  available  for  publication  regarding  the  cost  of  a  fac- 
tory using  the  Canadian  processes  and  equipment,  but  the  cost  of  pro- 
duction is  said  to  be  less  than  $1.50  per  ton.  The  process  obviously 
can  be  used  only  during  the  warmer  months  of  the  year. 

TYPES   OF  DRYING   MACHINES. 

In  Europe,  lignite,  or  brown  coal,  is  dried  by  artificial  heat  before 
it  is  briquetted.  Two  types  of  driers  have  been  developed  and  are 
now  used  for  this  purpose — the  steam  plate  and  the  rotary,  the  latter 
being  the  more  recent  and  the  more  efficient. 

In  the  steam-plate  system  the  powdered  lignite  is  dried  on  hollow 
cast-iron  plates  heated  by  steam  from  the  engines  or  from  the  bri- 
quetting  presses  of  the  plant.  The  plates  are  16.5  feet  in  diameter 
and  are  supported  one  above  the  other  in  a  series  of  twenty  or  more, 
with  intervening  spaces.  A  central  shaft  bears  a  series  of  arms  which, 
when  the  shaft  is  turned,  constantly  stir  the  material  that  is  being 
dried.  Provision  is  made  for  hastening  the  drying  by  changing  the 
air  as  often  as  it  becomes  saturated  with  moisture.  In  such  driers 
the  water  of  the  lignite  is  reduced  from  30  to  40  per  cent  or  more  to 
12  to  18  per  cent,  which  is  the  content  most  suitable  for  briquetting 
this  material. 

In  the  best  European  type  of  rotary  drier  the  essential  part  is  a 
large  boiler-plate  cylinder  inclined  at  an  angle  of  7°,  supported  by 
and  turned  on  trunnions.  A  large  number  of  4-inch  tubes  run 
from  end  to  end  of  the  cylinder  and  through  these  the  material 
to  be  dried  passes.  It  is  fed  in  at  the  upper  end  and  dried  by 
the  heat  of  the  steam  that  is  turned  through  the  trunnions  into  the 
space  aroimd  the  tubes.  The  steam  is  supplied  from  the  exhaust 
from  the  engines  and  briquetting  presses.  The  powder  dries  during 
its  passage  through  the  tubes,  and  is  mixed,  as  the  cylinder  revolves, 
by  cleats  or  baffle-irons  fastened  to  the  inside  of  the  tubes.  Such 
driers  have  been  used  to  some  extent  for  drying  peat,  and  if  the 
moisture  content  were  not  too  high  could  be  used  in  the  production  of 
peat  powder  for  fuel,  for  briquetting,  or  for  fertilizer  filler. 
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In  the  United  States  a  number  of  novel  machines  for  drying  peat 
have  been  invented  and  installed  in  factories  for  the  manufacture  of 
peat  briquets,  but  as  none  of  the  plants  are  now  operating,  the  ma- 
chines seemingly  failed  to  do  what  was  expected  of  them.  In  the 
manufacture  of  peat  powder  for  fertilizer  filler,  however,  driers  of  the 
rotary  type,  originaUy  designed  for  drying  clay,  shale,  and  materials 
used  in  brick,  cement,  and  fertilizer  making  before  they  are  ground, 
have  been  used  for  some  years  to  complete  the  drying  of  peat  that  has 
been  partly  air  dried. 

Two  forms  of  rotary  driers  are  used  for  drying  peat  in  the  United 
States — single-shell  and  double-shell.  Both  types  are  long  cylindrical 
tubes  made  of  iron  or  steel  plates  bolted  together  as  in  boiler  con- 
struction. The  tubes  vary  in  length  and  diameter  according  to  their 
estimated  capacity  for  drying.  They  are  mounted  in  a  slightly  in- 
clined position,  and  are  supported  and  rotated  by  friction  rollers  or 
geared  wheels  placed  near  either  end. 

At  the  higher  or  inlet  end,  if  single-shell  driers,  the  cylinder  is 
generally  placed  directly  against  the  open  end  of  the  combustion 
chamber  of  a  furnace,  and  the  lower  end  opens  directly  into  a  brick 
chamber  that  is  closely  connected  with  the  smokestack.  The  cylin- 
der is  therefore  a  part  of  the  flue  through  which  the  products  of  com- 
bustion pass  from  the  furnace  to  the  air.  Usually  there  is  an  ex- 
haust or  a  blowing  fan  to  increase  the  combustion  or  hasten  the 
passage  of  hot  gases  through  the  tube. 

Narrow  iron  shelves,  projecting  at  an  angle  inward  and  running, 
either  spijrally  or  otherwise,  the  entire  length  of  the  tube,  are  securely 
bolted  to  the  inside  of  the  shell.  These  shelves  carry  the  peat  from 
the  bottom  to  the  top  of  the  cylinder  and  allow  it  to  fall  again  to  the 
bottom  through  the  current  of  heated  gases  and  air,  thus  assming 
more  rapid  and  thorough  diying  than  woiild  be  possible  if  the  inside 
of  the  cylinder  were  smooth. 

The  material  to  be  dried  enters  at  the  higher  end  of  the  drier  at  the 
hottest  part  and  is  slowly  carried  to  the  lower  and  cool  end  by  the 
rotation.  It  ultimately  falls  into  the  receiving  chamber  as  a  dry 
powder.    Peat  so  dried  contains  less  than  10  per  cent  of  moistiu'e. 

The  efficiency  of  such  a  drier  depends  on  the  relationship  between 
the  quantity  of  water  to  be  evaporated  and  the  quantity  of  heat  imits 
which  must  be  made  available  to  convert  the  water  into  vapor.  To 
attain  the  highest  efficiency,  the  heat  generated  in  the  furnace  should 
all  be  absorbed  by  the  material  that  is  beiog  dried,  and  the  gases  and 
air  passing  through  the  drier  should  leave  it  cold. 

In  practice,  however,  driers  are  often  much  overheated,  which 
results  in  great  losses  of  heat  through  radiation  from  the  overheated 
shell  and  the  high  temperature  of  the  gases  leaving  the  tube.  The 
remedy  is  to  use  longer  cylinders  of  larger  diameter,  and  to  reduce 
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the  moisture  content  of  the  peat  as  much  as  possible  by  air  drying 
before  putting  it  in  the  drier. 

A  double-shell  drier^  as  the  name  implies,  has  two  cylinders,  one 
securely  fastened  concentrically  inside  the  other,  with  a  space  between 
them.  The  hot  gases  from  a  furnace  enter  the  inner  tube  of  the 
drier  at  one  end.  In  the  same  end  the  material  to  be  dried  is  placed 
in  the  chamber  between  the  inner  and  outer  shells.  After  traversing 
the  length  of  the  inner  tube  the  gases  enter  and  pass  through  the 
outer  one  and  are  deprived  of  the  rest  of  their  heat  by  contact  with 
the  substance  being  dried.  The  circulation  is  maintained  by  exhaust 
fans  at  the  outlet  end.  As  the  heated  gases  pass  twice  through  the 
length  of  the  cylinder,  more  time  is  allowed  them  to  give  up  their 
heat  to  the  substance  being  dried.  A  double-tube  drier  should^ 
therefore,  be  more  efficient,  and  give  a  greater  amount  of  dry  product 
per  unit  of  fuel  consumed  than  a  single-tube  drier. 

As  the  price  obtained  for  the  product  of  the  driers  is  considerably 
more  than  that  which  could  be  obtained  for  the  same  material  if  it 
were  to  be  used  as  fuel,  a  somewhat  greater  outlay  can  be  borne  in 
preparing  it  for  market;  but  experience  has  demonstrated,  as  would 
be  expected,  that  the  more  the  water  in  peat  is  reduced  before  putting 
the  peat  into  the  drier  the  lower  the  cost  of  production  becomes. 
Presumably,  therefore,  by  using  some  of  the  types  of  driers  developed 
for  drying  tankage,  garbage,  and  other  similar  materials,  peat,  in 
the  form  of  a  powder  that  has  been  partly  air  dried  can  }  -  dried  to  a 
moisture  content  of  from  10  to  15  per  cent  with  profit,  especially  if  a 
part  or  all  of  the  heat  used  be  derived  from  stack  gasej  os  exhaust 
steam. 

PEAT  BRIQUETS. 
ADVANTAGES   OF  BRIQUETTINQ. 

Manifestly  peat  powder  can  not  be  burned  economically  in  an  ordi- 
nary fire  box  or  stove,  because  it  packs  so  that  no  air  can  get  through 
it,  or  it  falls  through  the  grates  if  stirred.  Such  fuel  is  also  open  to 
the  objections  that  are  urged  against  other  forms  of  peat  fuel,  and  is 
costly  to  transport  as  compared  with  coal.  To  avoid  these  difficul- 
ties the  proposal  lias  been  made  to  shape  the  dry  powder  into  bri- 
quets by  the  use  of  specially  designed  briquetting  presses.  In 
Europe,  where  peat  is  commonly  used,  and  where  for  a  considerable 
time  Hgnite  and  poor  grades  of  coal  have  been  put  on  the  market  in 
briquetted  form,  and  have  found  ready  and  constantly  increasing 
sales,  it  is  not  surprising  that  peat  should  have  been  briquetted  at 
an  early  date. 

PROPERTIES. 

Peat,  when  briquetted,  makes  a  most  attractive  type  of  fuel,  aa 
the  briquets  are  uniform  in  size,  may  be  of  cylindrical,  ovoid,  pris- 
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matic,  pilloWy  or  other  shape,  and  often  have  a  highly  glazed  black 
surface.  The  briquets  are  clean  to  handle;  they  are  also  compact 
and  dense,  so  that  they  occupy  less  space,  and  are  more  easily  trans- 
ported and  stored  than  the  same  weight  of  the  same  peat  could  be  if 
in  any  of  the  other  forms  described.  They  bum  less  rapidly  than  cut 
or  machine  peat,  and  hence  give  less  trouble  in  firing  for  power  pro- 
duction than  do  other  kinds  of  peat  fuel. 

It  has  been  pointed  out,  however,  that  peat  briquets  are  likely  to 
crack  and  crumble  when  handled  roughly,  and  to  break  down  in  the 
fire  into  a  powder,  whereas  machine-peat  bricks  bum  Uke  a  piece  of 
good  coal,  or  wood,  without  falling  apart.  The  briquets  are  also 
easily  wet  by  rain,  and  are  quickly  disintegrated  by  exposure  to 
storms;  therefore  they  must  be  stored  under  cover  and  shipped  by 
rail  in  weatherproof  cars. 

METHODS  OF  MANUFACTUBE. 

In  the  parts  of  Europe  where  peat  briquets  are  made  the  peat  is 
cut  or  dug  from  the  bog  and  is  allowed  to  dry  in  the  air  until  the 
water  is  reduced  to  about  40  per  cent.  The  peat  is  then  powdered 
and  dried  artificially  to  about  15  per  cent  moisture,  after  which  it 
is  briquetted  or  stored  for  future  briquetting. 

The  Canadian  method  of  drying  peat  on  the  surface  of  the  bog  in  a 
thin  layer  and  picking  up  the  dry  material  at  frequent  intervals  with  a 
vacuum  dust  collector  does  away  with  most  of  the  cost  of  drying  and 
subsequent  handling,  so  that  after  a  brief  exposure  to  artificial  heat 
it  can  be  satisfactorily  briquetted.  The  process  was  primarily 
designed  by  its  inventors  to  produce  at  the  lowest  cost  air-dried  peat 
for  making  briquets. 

TYPES  OF  PRESSES. 

The  essential  part  of  a  plant  for  making  peat  briquets  is  the  bri- 
quetting press.  Such  presses  are  of  two  general  types — the  open  and 
the  closed  mold.  In  the  open-mold  type  the  dry  peat  powder  is 
introduced  into  a  straight  tube,  or  mold,  of  circular  or  other  shaped 
cross  section,  and  compressed  by  a  tightly  fitting  piston  that  exerts 
a  pressure  of  from  18,000  to  30,000  pounds  per  square  inch.  Suffi- 
cient resistance  is  offered  by  the  friction  of  the  peat  on  the  sides  of 
the  tube  to  press  it  into  a  solid  block  or  briquet,  while  at  the  same 
time  the  air  is  forced  from  the  peat.  With  each  stroke  of  the  piston 
a  new  charge  of  peat  enters  the  mold  and  a  finished  briquet  leaves 
the  outlet  end;  the  briquets  already  made  act  as  a  cushion  and,  in 
fact,  form  the  bottom  of  the  mold.  The  friction  is  sufficient  in 
presses  constructed  on  this  principle  to  raise  the  temperature  of 
the  mass  enough  to  release  some  of  the  tany  compounds  of  the  peat, 
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and  these  cover  the  sides  of  the  briquets  with  a  highly  polished  glaze. 
A  chief  objection  to  this  form  of  press  is  said  to  be  that  the  constant 
heating  and  friction  produce  great  wear  on  the  molds^  and  the  plates 
forming  them  must  be  removed  every  few  days  and  reground,  so  that 
after  a  comparatively  short  life  they  have  to  be  renewed. 

The  number  of  briquets  that  can  be  made  with  such  a  machine 
manifestly  depends  upon  the  number  of  strokes  of  the  plunger  to  the 
minute.  For  briquetting  lignite,  this  may  be  as  low  as  80  or  as  high 
as  130;  thus  the  number  of  briquets  made  in  a  minute  lies  between 
these  Umits.  The  output  of  peat  briquets  is  usually  about  100  a 
minute,  because  the  peat  powder  is  sometimes  blown  from  the  mold 
if  the  press  is  run  at  greater  speed. 

In  briquetting  presses  of  the  closed-mold  type  various  forms  of 
rollers  and  plates,  or  plungers  and  wheels  or  plates,  or  even  special 
forms  of  crown  wheels,  have  been  employed  for  the  two  halves  or 
parts  of  the  molds.  The  advantage  claimed  for  presses  of  this  type 
is  their  greater  rapidity  and  durability,  but  mechanical  difficulties 
are  encountered  in  getting  sufficient  pressure  to  make  solid  briquets 
and  in  keeping  the  two  halves  of  the  mold  in  exact  adjustment. 
This  form  of  press  is  sometimes  used  when  a  binder  of  pitch  or  other 
resinous  or  tarry  matter  is  used  to  cement  the  particles  of  fuel  to- 
gether to  make  the  briquets  less  breakable  when  handled  or  burned. 

European  briquetting  presses  of  the  open-mold  type  are  made  in 
three  sizes — a  small  size,  turning  out  from  16.5  to  22  tons  of  finished 
briquets  in  24  hours ;  a  medium  size,  having  a  capacity  of  33  to  44  tons 
in  24  hours;  and  a  large  size,  which  makes  from  44  to  55  tons  in  24 
hours. 

To  produce  a  ton  of  peat  briquets  costs  considerably  more  than  to 
produce  a  ton  of  machine  peat  because  of  the  greater  power  required, 
the  artificial  drjring,  and  the  additional  expenses  for  stronger  build- 
ings  and  more  compUcated  and  powerful  machinery. 

TREATMENT  OF  PEAT  PBELDilKARY  TO  BRIQUETTING. 

All  European  factories  for  making  peat  briquets  are  reported  to  use 
cut  peat  of  the  more  compact  kinds  as  raw  material,  because  it  can  be 
ground  more  quickly  and  thoroughly  than  the  tougher  machine  peat. 
The  peat  is  treated  exactly  as  if  it  were  to  be  used  as  the  cut  product, 
until  the  water  is  reduced  by  evaporation  to  40  or  50  per  cent;  it  is 
then  taken  to  the  plant  and  ground  while  still  moist  so  as  to  avoid  the 
dust  and  resistance  to  the  mill  which  result  from  grinding  with  less 
water.  It  is  then  screened.  The  drying  is  finished  in  a  dryer,  and 
the  dry  powder  is  either  briquetted  inmiediately  or  stored.  If  ground 
when  too  dry,  considerable  loss  occurs  from  the  finer  particles  flying 
about  as  dust,  the  presence  of  which  in  air  is  annoying  and  dangerous 
to  the  workman,  and  under  certain  conditions  may  cause  disastrous 
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explosions.    The  dry  peat  is  also  hard  to  grind  and  rapidly  wears 
the  miUing  machinery. 

There  is  no  record  either  in  Europe  or  America  of  a  successful  plant 
for  making  peat  briquets  by  a  continuous  process  that  dries  the  peat 
wholly  by  artificial  heat. 

COST  OF  PLANTS, 

European  briquettmg  presses  of  50  tons  capacity  in  24  hours, 
which  is  the  size  most  often  considered,  need  engines  of  about  100 
horsepower,  operated  by  high-pressure  steam;  in  the  best  equipped 
European  plants  the  steam  is  superheated  to  about  665°  F.  and  the 
boiler  pressure  is  carried  at  about  150  pounds.  The  exhaust  steam 
from  the  engines  is  used  in  the  driers,  at  about  30  pounds  pressure, 
and  is  returned  to  the  boilers  after  condensation  under  about  the 
same  pressure. 

A  briquetting  plant,  fully  equipped  with  the  best  types  of  German 
machinery,  including  a  drier,  will  cost  two  to  three  times  as  much  as 
a  plant  for  making  cut  and  machine  peat,  even  if  only  a  single  press 
with  a  capacity  of  about  50  tons  per  day  is  contemplated. 

At  least  three  distinct  presses  for  briquetting  peat  have  been  in- 
vented and  tried  on  a  factory  scale  in  Canada.  Two  are  of  the  closed- 
mold  type,  although  working  on  very  different  principles;  the  third 
employs  an  open  mold.  The  peat  used  for  these  plants  was  dried  as 
much  as  possible  on  the  surface  of  the  bog,  but  the  final  drying  was 
done  in  specially  designed  rotary  driers. 

The  essential  details  of  these  plants  have  been  described  by  Ny- 
8trom.*»  Of  these  plants  only  one  was  operated  in  1908,  and  no  figures 
as  to  the  cost  of  installation  or  of  the  production  of  the  briquets  are 
available.  Two  of  them  made  a  small  output  in  1910.  Several  forms 
of  presses  of  American  construction  for  briquetting  coal  and  lignite, 
and  some  designed  for  peat,  have  been  developed  and  are  on  the  mar- 
ket, and  probably  these  could  be  installed  at  somewhat  lower  cost 
than  any  which  have  been  made  abroad.  It  is  doubtful,  however, 
whether  a  bog  can  be  purchased,  proper  buildings  erected  for  housing 
the  machinery  and  the  finished  briquets,  and  the  necessary  machinery 
bought  for  digging,  grinding,  drying,  and  briquetting  the  peat  for  an 
output  of  about  50  tons  of  briquets  each  24  hours  for  less  than  $60,000 
to  $75,000,  although  estimates  as  low  as  $35,000  have  been  made 
based  on  untried  macliinery. 

The  plan  of  drying  the  peat  upon  the  surface  of  the  bog  and  gath- 
ering it  as  a  dry  powder  with  a  small  amount  of  water,  because  a  part 
of  the  cost  of  preparing  the  peat  for  briquetting  is  thus  eliminated, 
should  reduce  the  primary  cost  of  the  plant  by  a  certain  amount.     It 

•  Nystrom,  E.,  Peat  and  lignite;  their  manufitcture  and  uses  in  Eorope.    Canada  Department  of  Mines, 
Mines  Branch,  1906,  pp.  148-157. 
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is  questionable;  however,  whether  the  cost  of  collecting  machines  and 
their  installation  would  not  be  almost  as  great  as  that  of  the  rotary 
driers  which  they  would  in  part  displace.  Their  operation  by  electric 
power  might  prove  to  be  nearly  as  expensive  as  that  of  steam  driers 
utilizing  waste  steam. 

The  operation  of  the  briquetting  part  of  a  plant  during  the  winter 
could  be  made  possible  by  operating  a  number  of  the  collecting  ma- 
chines during  the  favorable  months  of  the  drying  season  and  storing 
in  stock  piles  or  storage  bins  the  excess  of  dry  peat  as  it  was  taken 
from  the  surface  of  the  bog.  If  storage  under  cover  were  adopted, 
the  construction  of  the  necessary  buildings  would  be  an  added  charge. 

The  following  statement,  which  shows  the  cost  of  a  briquetting 
plant  with  an  estimated  output  of  50  tons  of  peat  briquets  per  day, 
19  quoted  from  an  estimate  furnished  by  Mr.  F,  H.  Mason,**  when 
United  States  consul  general  in  Berlin,  Germany: 

Buildings $14,280 

Machinery 17, 850 

Steam  engines  and  fixtures 3, 570 

Tramways 3, 570 

39, 270 

These  figures  are  approximate  only  and  will  have  to  be  considerably 
modified  to  meet  present  conditions. 

The  American  agent  of  one  of  the  leading  German  builders  of 
briquetting  plants  furnished  the  following  estimates  for  a  peat  briquet- 
ting plant  having  an  estimated  capacity  of  40,000  kilograms  (about 
44  short  tons)  of  finished  briquets  in  24  hours: 

The  complete  mechanical  plant,  which  costs  201,000  marks 
($48,240)  in  Germany,  includes  two  large  steam  boilers,  necessary 
engines,  conveyers,  elevators,  electrical  generators  and  motors,  a 
rotary  drier,  a  powerful  press,  sieves,  and  the  numerous  other  items 
of  machinery  needed  to  carry  on  successfully  the  rather  complicated 
processes  that  seem  required  to  produce  marketable  peat  briquets 
steadily  and  in  quantity.  The  duties,  trans-Atlanitc  freight,  and 
other  charges  to  which  foreign  machinery  importations  are  subject 
more  than  double  the  list  prices,  so  that  tlie  mark  must  be  reckoned 
as  equivalent  to  60  cents;  thus  the  estimated  cost  of  this  machinery 
becomes  about  $120,000  when  delivered  to  the  American  purchaser 
on  the  cars  in  New  York. 

Many  of  the  items  included  in  this  list  could  doubtless  be  replaced 
at  a  less  cost  by  those  of  American  manufacture.  To  successfully 
install  the  briquetting  press  and  drier,  however,  would  require  the 
importation  of  some  of  the  other  machinery  designed  to  accompany 

a  Mason,  F.  II.,  Special  Consular  Reports,  Vol.  XXVI,  1903,  p.  81. 
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them,  so  that  it  is  probable  that  a  briquetting  plant  of  the  capacity 
given  above  could  scarcely  be  equipped  for  less  than  $70,000  to 
$75,000.  To  this  amount  must  be  added  the  cost  of  special  digging 
machinery,  buildings,  railroad  sidings,  etc.,  which  would  mean  a 
total  investment  probably  exceeding  $100,000. 

COMPARATIVE   COST  OF   BRIQUETS   AND  MACHINE   PEAT. 

The  cost  per  ton  of  making  peat  briquets  must  of  necessity  be 
greater  than  that  of  making  machine  peat,  because  a  larger  invest- 
ment in  plant  is  needed  and  this  involves  larger  charges  for  interest 
and  depreciation.  The  more  compUcated  machinery  requires  more 
skillfiil  and  better-paid  men,  and  the  machinery  requires  greater 
power,  and  therefore  a  greater  consumption  of  fuel.  The  wear  on 
the  briquetting  presses  is  excessive,  which  makes  the  cost  of  main- 
tenance high  in  comparison  with  that  of  the  more  simple  peat  machine, 
and  the  cost  of  artificial  drying,  of  grinding  the  peat,  and  of  briquet- 
ting must  also  be  taken  into  consideration.  In  view  of  all  these 
factors,  and  the  added  cost  of  digging  and  partially  air  drying  the 
peat  and  of  getting  it  to  the  briquettiag  machinery,  peat  briquets 
can  probably  not  be  made  under  American  conditions  with  any 
machinery  now  in  use  in  Eiu'ope  at  much  less  than  $3  per  ton,  and 
conditions  would  have  to  be  excellent  if  this  price  were  not  exceeded. 

What  can  be  done  with  peat  briquetting  machinery  and  plants  of 
American  design  and  construction  now  in  process  of  development  or 
installation  can  not  be  predicted  at  this  time. 

COMPARATIVE   FUEL   EFFICIENCY. 

Naturally,  the  inquiry  will  be  made  whether  the  added  expense  of 
equipment  and  the  greater  cost  of  making  peat  briquets  is  justified 
by  a  corresponding  increase  in  the  efficiency  of  the  fuel.  Seemingly 
it  is  not,  because  the  cost  of  production  is  at  least  one-third  greater 
than  for  machine  peat,  whereas,  according  to  Nystrom,*  the  heat- 
ing value  is  increased  only  about  15  per  cent.  Actual  analyses  of 
peat  from  the  same  deposit  at  Black  Lake,  N.  Y.,  and  prepared  in 
different  ways,  are  given  below.  The  samples  were  taken  at  random 
from  considerable  quantities  of  similar  material  which  had  been 
given  identical  treatment,  but  possibly  gathered  at  different  times; 
that  is,  the  samples  were  not  prepared  especially  for  these  analyses. 

a  Nystrom,  £.,  op.  cit.,  pp.  147-148. 
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Analy9e8  of  peat  to  show  the  effect  of  method  of  preparation  on  heating  value  of  a  given 

peat. 


Lab. 
No. 


6436 
63M 
6392 
6395 


Character  of  ftiel. 


RawT)eat: 

Air  dried 

Moisture  free 

Machine  peat: 

Air  dried 

Moisture  free 

Dry  powder  before  briquetting: 

Air  dried 

Moisture  free 

Briquetted  steam-dried  peat: 

Air  dried 

Moisture  free 


Mois- 
ture. 


8.68 


9.33 
7.37 
8.00 


VoiatilA 

com- 
bustible. 


60.92 
66.77 

49.85 
54.97 

52.03 
56.17 

52.19 
56.73 


Fixed 
carbon. 


23.79 
26.04 

23.36 
26.77 

22.74 
24.53 

22.44 
24.39 


Ash. 


Sul- 
phur. 


16.61 
18.19 

17.47 
19.26 

17.86 
19.30 

17.37 
18.88 


0.99 
1.08 

.89 
.98 

.96 
1.03 

1.16 
1.27 


Hestini;  valiM. 


Calories. 


4,179 
4,576 

4,065 
4,472 

4,102 
4,428 

4,193 
4,557 


B.  t.  u. 


7,622 
8,237 

7,209 
8,060 

7,384 
7,971 

7,547 

8,203 


Average  heating  value  of  dry  peat,  8,11-5  B.  t.  u. 

This  table  indicates  that  the  differences  in  the  number  of  heat 
units  obtained  from  the  different  samples  are  slight,  and  it  is  difficult 
to  see  that  any  appreciable  change  has  been  made  by  the  various 
kinds  of  treatment.  Equal  variations  might  occur  in  the  same 
number  of  samples  of  peat  collected  from  a  single  stratiun  at  the 
same  time  but  analyzed  separately.  Therefore,  except  for  the 
greater  compactness  and  hardness  obtained;  there  is  no  justification 
for  incurring  the  cost  of  briquetting.  However,  a  larger  series  of  more 
carefully  collected  samples  may  show  greater  variation  than  is  here 
indicated;  or  if  drying  or  briquetting  at  high  temperatxires  is  adopted 
so  that  some  of  the  lighter  volatile  combustibles  are  driven  from  the 
peat,  a  somewhat  higher  thermal  value  may  be  obtained.  Clearly, 
however,  briquetting  as  a  rule  increases  the  nimiber  of  heat  units 
per  unit  of  volume  and  not  per  unit  of  weight;  that  is,  the  peat  is 
made  more  compact,  so  that  it  can  be  transported  and  stored  in 
smaller  space  and  burned  in  smaller  fire  boxes  than  if  prepared  in 
other  ways.  Whether  the  advantages  thus  obtained  are  sufficient 
to  justify  the  additional  costs  of  building  a  plant  and  of  making  the 
briquets  on  a  commercial  scale  must  be  demonstrated  by  actual 
operations. 


ELBCTBIC  PBOCESSES  FOB  DBYINa  PEAT. 

The  fundamental  plan  of  electric  processes  for  drying  peat  is  to 
pass  electric  currents,  either  direct  or  alternating,  through  the  wet 
peat,  with  the  idea  of  liberating  the  water  by  breaking  up  the  cells 
and  fibers  of  the  vegetable  remains  in  the  peat.  The  most  thoroughly- 
advertised  of  these  processes  was  one  developed  in  England  and 
embodied  in  two  plants,  one  at  Ejlberry,  near  Athy,  in  the  county 
of  EUdare,  Ireland,  and  the  other  near  Eaton  Rapids,  ^fich.  Although 
both  of  these  plants  were  well  supported  by  capital  and  equipped 
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with  unusual  thoroughness,  both  were  complete  failxures.  The  peat 
was  dug  by  a  ''grab"  dredge  or  shovel  and  dumped  mto  cars  which 
took  it  to  the  factory.  Here  it  was  thrown  on  an  endless  belt;  by 
which  it  was  elevated  to  the  hopper  of  what  was  called  by  the 
inventor  a  "hydro-extractor,"  a  form  of  press  that  squeezed  out 
part  of  the  water.  .  From  the  base  of  the  hydro-extractor  the  peat 
passed  between  the  plates  of  the  electrolyzer,  and  a  powerful  alter- 
nating electric  current  was  passed  into  it  for  some  time.  The  peat 
thus  electrolyzed  was  forced  into  another  hydro-extractor,  or  elimin- 
ator, placed  below  the  electrolyzer,  and  in  this  the  water  liberated 
by  the  passage  of  the  electric  current  was  forced  out.  From  this 
press  it  was  carried  by  a  bucket  conveyor  to  the  top  of  a  laige  slab, 
where  it  was  crushed  by  four  heavy  rollers,  each  weighing  a  ton,  and 
thence  the  crushed,  electrified,  and  pressed  peat  passed  to  a  molding 
machine  with  six  dies,  which  formed  it  into  bricks  and  deposited  these 
on  a  revolving  table.  The  bricks  were  then  removed  from  the  table 
by  a  scraper  to  cars  which  carried  them  to  drying  sheds,  where  the 
drying  was  finished  by  contact  with  the  air  as  in  ordinary  air  drying. 

The  material  thus  obtained  was  called  electro-peat  coal,  which, 
like  many  of  the  other  names  applied  to  peat  products,  was  a  mis- 
nomer, because  in  reality  it  was  no  different  from,  if  as  good  as, 
ordinary  machine  peat,  and  in  no  way  resembled  coal. 

The  more  extensively  advertised  electric  processes  seemingly  have 
been  based  upon  the  supposition  that  the  electric  discharge  into  the 
wet  peat  would  burst  the  cells  of  the  plant  remains  in  it,  and  the 
water  could  then  be  quickly  pressed  out;  but  such  a  result  does  not 
seem  to  have  been  attained  to  an  extent  warranting  the  treatment. 
The  theoretical  consideration  of  the  matter  leads  to  the  conclusion  that 
no  such  effect  can  be  produced,  because  the  differences  between  the 
conductivity  of  the  water  and  of  the  saturated  vegetable  matter 
constituting  the  walls  of  the  cells  is  very  slight,  if  any  exists,  and 
upon  such  differences  the  supposed  effectiveness  of  the  electric 
chaise  must  be  based.  The  heat  energy  derived  by  converting  the 
electric  energy  through  the  resistance  offered  by  the  water  and  peat  is 
obtained  at  a  cost  from  ten  to  fifteen  times  as  great  as  by  direct 
firing. 

WET  CABBONIZATION. 
UNDERLYING  PRINCIPLES. 

In  1904  and  the  following  years  Dr.  M.  Ekenberg,  of  London, 
England,  conducted  a  lengthy  series  of  experiments  on  what  has  been 
called  the  "wet  carbonization''  of  peat.  As  the  term  indicates,  the 
wet  peat  is  subjected  to  temperatures  slightly  above  300°  F.  (150**- 
155®  C),  which  drive  off  a  part  of  the  lighter  hydrocarbons  if  the 
heated  mass  be  kept  at  ordinary  pressure.     During  the  heating,  how- 


124  USES  OF  PEAT  FOR  FUEL  AND  OTHER  PURPOSES. 

ever,  a  pressure  of  about  150  pounds  to  the  square  inch  is  maintained 
by  the  pump  which  forces  the  wet  peat  into  the  carbonizing  apparatus, 
so  that  the  process  really  consists  of  superheating  wet  peat  in  a  closed 
receptacle  under  pressure  of  about  10  atmospheres.  Such  pressure  is 
quite  enough  to  prevent  any  steam  from  forming  at  the  temperature 
at  which  heating  is  carried  on,  so  that  there  is  no  loss  of  heat  units 
from  this  soxurce  and  no  volatilization  of  the  hydrocarbon  compounds 
of  the  peat. 

PROCESS   OP  TREATMENT. 

After  digging,  the  wet  peat  is  thorouglily  macerated  in  a  special 
form  of  peat  machine  located  on  the  bog.  The  machine  delivers  the 
peat  as  a  finely  divided  pulp  to  dumping  cars,  which  convey  it  to  the 
plant,  and  there  it  is  stored  in  a  large  tank  until  used. 

The  wet-carbonizing  furnace,  the  essential  feature  of  the  process 
as  it  was  developed  in  an  experimental  plant  in  Sweden,  consists  of 
a  series  of  52  iron  pipes,  some  36  feet  long,  all  heated  from  a  fire  box 
at  one  end  of  the  series.  Each  tube  is  double;  the  smaller  inner 
tube  has  on  its  outside  a  screw  flange  which,  when  the  tube  is  turned, 
moves  the  peat  through  the  space  between  the  tubes.  The  inner 
tube  is  open  at  both  ends,  and  at  its  free  end  is  connected  with 
the  corresponding  ends  of  all  of  the  rest  of  the  series.  Each  of  the 
larger  outer  tubes  is  connected  with  a  common  inlet,  through  which 
the  wet  peat  is  forced  by  a  specially  designed  piunp.  At  the  end 
opposite  the  inlet  the  large  tube  projects  into  the  fire  box  and  is 
exposed  for  half  its  length  to  the  direct  heat  of  the  fire. 

The  peat  piunped  into  the  common  inlet  is  forced  through  the 
outer  tubes  by  the  pressure  of  the  piunp  and  the  screw  flanges  of  the 
inner  revolving  tube,  and  then,  wet  and  hot,  into  the  open  end  of 
the  inner  tubes  and  through  these  to  the  outlet. 

The  economy  of  heat  effected  by  having  only  that  half  of  the  length 
of  the  tubes  heated  that  is  remote  from  the  inlet  is  manifest  when 
one  considers  that  the  cool  material  coming  into  the  outer  tube  takes 
the  heat  from  the  hot  material  going  out  through  the  inner  tube. 
Thus  the  cool  material  is  hot  when  it  reaches  the  directly  heated  part 
of  the  system,  and  the  outgoing  material  gives  up  a  considerable  por- 
tion of  its  heat  before  it  reaches  the  outlet. 

From  the  carbonizer  the  peat  is  conveyed  to  a  special  type  of  filter 
press,  which  reduces  the  water  to  about  55  per  cent,  according  to 
Nystrom,  or,  according  to  later  reports,  to  about  10  per  cent,  frora 
the  original  85  to  90  per  cent.  The  material  from  the  filter  press  is 
dried  artificially  and  briquet  ted. 

PROPERTIES  OF  PEAT  AFTER  TREATMENT. 

The  peat  becomes  blackened,  loses  its  structural  pecidiarities, 
becomes  fine  grained,  and,  it  is  stated,  readily  gives  up  under  moderate 
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pressure  a  considerably  larger  percentage  of  water  than  untreated 
peat.  It  is  reported  that  a  form  of  coking  takes  place,  the  extent  of 
which  is  governed  by  the  temperature  used  during  the  treatment,  the 
use  of  higher  temperatxires  giving  more  complete  carbonization.  If 
this  is  true,  as  the  blackening  of  the  peat  would  indicate,  apparently 
the  matter  driven  off  must  be  absorbed  either  by  the  peat  itself  or 
by  the  water  which  it  contains,  as  no  gases  are  developed  during  the 
process.  It  is  evident,  however,  that  at  the  temperature  reported 
(300**  F.)  the  process  of  coking  is  not  carried  very  far,  because  only 
at  considerably  higher  temperatures  are  volatile  carbonaceous  matters 
driven  off  by  dry  distillation. 

The  exact  nature  of  the  changes  that  take  place  is  immaterial  to 
this  discussion,  however,  since  the  important  fact  is  that  a  definite 
change  is  effected  by  the  treatment  which  makes  possible  the  quick 
drying  of  the  peat  by  artificial  heat  and  pressure.  From  available 
reports  the  process,  when  it  is  fully  developed,  wiU  seemingly  be 
conmiercially  useful  and  wiU  enable  those  who  adopt  it  not  only  to 
extend  the  season  of  operations  to  early  winter,  but  to  produce  very 
hard,  heavy,  and  black  briquets  closely  resembling  coal  in  appear- 
ance and,  volume  for  volume,  having  about  the  same  fuel  value  as 
bituminous  coal  of  ordinary  grades. 

COST  OF  BRIQUETS   BY  THIS   PROCESS. 

The  cost  of  manufacture,  including  all  charges  for  digging  and  grind- 
ing the  peat  and  transporting  it  to  the  factory,  and  for  carbonizing, 
drying,  and  briqueting,  interest,  depreciation,  and  administration,  is 
estimated,  from  the  results  obtained  at  the  experimental  plant  in 
Sweden,  to  be  $2  to  $2.25  a  ton  of  finished  briquets.  The  smaller 
cost  is  estimated  for  an  output  of  20,000  to  30,000  tons  in  a  year  of 
about  200  working  days.  The  English  company  owning  the  patents 
covering  the  processes  and  machinery  estimates  that  the  briquets  can 
be  made  in  a  factory  tmning  out  100  tons  of  briquets  a  day,  under 
European  labor  conditions,  for  about  $1.50  a  ton,  after  the  machinery 
now  being  experimented  with  shall  have  been  fully  perfected. 

COST  OF  PLANT. 

The  cost  of  a  plant  fully  equipped  with  briqueting  presses,  carbon- 
izers,  and  all  other  accessories  is  estimated  by  the  inventor  at  about 
$160,000;  or,  if  production  is  to  be  30,000  tons  of  briquets  a  year,  at 
about  $225,000,  at  European  prices  for  machinery,  structural  work, 
and  labor. 

CLAIMS   OF  INVENTOR. 

The  inventor  claims  for  this  method  of  treatment  that — 

(1)  The  manufactxire  is  independent  of  weather  conditions. 

(2)  The  work  can  be  carried  on  equally  well  night  and  day. 
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(3)  Undrained  bogs  can  be  worked  without  difficulty. 

(4)  All  the  processes  of  treatment  may  be  completed  and  the  bri- 
quets made  in  two  hours  after  the  peat  is  dug. 

(5)  The  fuel  produced  is  always  of  the  same  quality.  The  water 
content  may  be  as  low  as  desired. 

(6)  The  number  of  men  required  for  a  plant  with  an  output  of  100 
tons  a  day  is  small  compared  with  that  needed  for  the  same  output 
of  machine  peat,  as  only  from  18  to  24  men  are  needed,  chiefly  to 
watch  and  care  for  the  machinery. 

(7)  Since  the  process  is  continuous  and  may  be  carried  on  inde- 
pendent of  weather  conditions,  an  abundant  supply  of  labor  can  be 
had  without  difficulty,  because  the  men  will  be  assxured  steady  work. 

PBOSPBCTIVE  VALUE  OF  PBOCESS. 

The  various  unbiased  reports  which  have  been  made  concerning 
this  way  of  treating  peat  lead  to  the  conclusion  that  it  is  one  of  the 
most  promising  that  has  yet  been  discovered,  and  if  the  treatment 
and  machinery  are  not  too  costly  it  may  yet  become  the  basis  of  a 
successful  continuous-process,  peat-drying,  and  briquetting  industry. 
No  reports  have  yet  appeared,  however,  showing  that  the  method  has 
been  applied  in  a  successful  commercial  plant,  and  for  that  reason  the 
process  must  still  be  considered  as  experimental,  some  of  the  impor- 
tant details  needing  development  and  embodiment  in  machinery. 

FX7BL  PBODUCTS  DEBIVED  FBOM  THE   DISTILLATION  OF  PEAT. 

PEAT   CHABOOAL. 

Early  in  the  eighteenth  century  a  crude  process  of  making  char- 
coal from  peat  was  in  use  in  several  European  countries,  and  presum- 
ably cut  peat  was  made  into  charcoal  at  an  earlier  date  in  districts 
where  wood  was  scarce. 

The  simplest  way  of  making  charcoal  from  peat  is  that  of  the  char- 
coal burners  of  Europe,  who  made  a  circular,  dome-shaped  heap 
by  piling  cut-peat  bricks  in  regular  courses  around  a  pole,  at  the  base 
of  which  a  small  quantity  of  dry  fuel  was  placed  to  start  combustion. 
A  fluelike  space,  through  which  the  dry  fuel  was  ignited  and  air  was 
admitted,  led  to  the  outside  of  the  heap.  A  small  space  aroimd  the 
central  pole  formed  a  chinmey  for  gas  and  smoke  as  needed,  and 
various  inlets  for  air  were  made  through  the  sides  of  the  structure. 
The  heap  of  bricks  was  covered  with  a  layer  of  brush,  outside  of 
which  was  placed  a  layer  of  earth,  varying  in  thickness  gradually 
from  about  1  foot  at  the  bottom  to  half  as  much  at  the  top. 

After  the  fire  was  well  started  the  chimney  opening  in  the  top 
of  the  heap  was  closed,  and  the  combustion  was  then  carefully 
watched  by  a  man  of  experience  who  regulated  the  supply  of  air  so 
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as  to  prevent  too  complete  combustion  and  yet  keep  the  fire  from 
going  out.  When  the  coking  was  judged  to  be  complete,  all  openings 
were  closed  by  damp  earth,  the  fire  was  allowed  to  die  out,  and  the 
mass  was  permitted  to  cool  thoroughly  before  the  heap  was  opened. 
The  yield  of  charcoal  recovered  by  this  method  was  generally  from 
30  to  40  per  cent  of  the  original  weight  of  the  peat. 

In  some  parts  of  Europe  the  peat  was  piled  in  long,  narrow  pits 
about  1  yard  wide  and  20  yards  long.  The  heaps  so  made  were  con- 
verted into  charcoal  in  much  the  same  manner  as  were  the  smaller 
ones.  In  Sweden,  peat  charcoal  was  made  to  some  extent  in  kilns 
of  iron  or  masonry.  Peat  was  piled  in  these  to  a  considerable  height 
above  the  mouth  and  a  fire  started  at  the  bottom  and  allowed  to 
bum  until  the  mass  had  settled  down  to  the  level  of  the  top,  when 
a  layer  of  green  rushes  or  brush  was  spread  over  the  mouth  and 
quickly  covered  with  wet  clay.  This  brought  the  combustion  to  an 
end  and  after  the  kiln  was  cooled  the  charcoal  was  removed. 

PEAT  COKE. 

BARLY  ATTEMPTS  AT  MANUFACTURE. 

The  crude  method  of  making  charcoal  from  peat  piled  in  heaps  was 
improved  as  early  as  the  first  half  of  the  eighteenth  century,  when 
Lange  developed  a  special  furnace  consisting  of  a  vertical  cylindrical 
iron  furnace,  conical  at  the  top,  and  partly  closed  at  the  bottom  by 
an  iron  plate  in  which  was  a  barred  opening.  The  plate  rested  on  a 
stone  base  in  which  was  an  arch  or  fire  box  closed  by  a  tightly  fitting 
iron  door. 

The  furnace  was  filled  from  the  top  with  peat  bricks  and  combus- 
tion was  started  in  the  mass  by  building  a  fire  in  the  stone  fire  box. 
When  the  lower  part  of  the  peat  was  burning  freely,  the  door  was  closed 
and  the  fire  allowed  to  smolder  untU  the  peat  was  coked;  then  the 
furnace  was  filled  to  the  top  again  and  the  process  of  burning  continued. 
After  a  number  of  chargings,  the  furnace  became  filled  with  burning 
coke.  Then  the  opening  was  closed  and  aU  air  was  shut  off  untU  the 
coke  was  cold.  This  furnace  gave  a  small  output  of  porous  and 
friable  coke  and  after  a  time  its  use  was  abandoned. 

In  still  another  type  of  furnace,  developed  in  Germany,  the  firing 
was  done  from  the  top,  the  gases  developed  during  coking  being 
drawn  down  through  the  mass  of  peat  and  out  of  the  furnace  by 
pumps  attached  to  pipes  leading  from  the  bottom  of  the  furnace. 
The  purpose  of  this  arrangement  was  to  prevent  loss  from  crushing, 
because  by  its  use  the  brittle  charcoal  was  formed  above  the  undecom- 
posed  peat,  and  did  not  have  to  bear  the  weight  of  the  latter. 

None  of  these  ways  of  making  coke  and  charcoal  from  peat  proved 
very  remunerative,  however,  in  spite  of  every  care  to  reduce  waste. 
The  cost  of  production  measured  by  fuel  consumed  in  making  the 
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coke  was  large  and  the  output  was  small  and  generally  of  unsatis- 
factory quality. 

The  fact  that  good  peat  coke  or  charcoal  had  all  of  the  desirable 
qualities  of  wood  charcoal  and  fully  as  high  calorific  value  made  it  a 
useful  and  salable  fuel,  especially  as  wood  charcoal  became  less 
abimdant  and  more  costly. 

DRY  DISTILLATION  IN  RETORTS. 

The  facts  cited  above  led  to  continued  experimentation,  and  as 
early  as  1786  coke  was  produced  by  dry  distillation  of  peat  in  retorts 
heated  from  the  outside;  the  heavier  volatile  hydrocarbon  compounds 
like  tar  were  condensed  and  saved  and  the  noncondensing  gases  were 
used  for  fuel  or  illuminating  purposes. 

From  1786  until  the  present  time  many  European  inventors  and 
some  Americans  have  worked  upon  processes  for  coking  peat  in 
retorts  with  more  or  less  complete  recovery  of  the  useful  chemical 
substances  that  by  condensation  and  redistillation  at  different 
temperatures  may  be  derived  from  the  liquid  products  of  the  decom- 
position of  the  peat.  These  efforts  have  been  concentrated  upon 
making  hard,  firm  peat  coke  which  should  be  at  least  as  good  as  good 
charcoal;  or  even  as  hard  as  coke  made  from  coal,  and  upon  saving 
all  of  the  volatile  products  that  could  be  made  into  marketable  chem- 
ical compounds  without  too  great  expense. 

THE  ZIBOLSR  PBAT-COKIKQ-  PROCBSB. 

In  the  last  decade  of  the  nineteenth  century  a  method  of  coking 
peat  in  retorts  was  worked  out  and  patented  by  Dr.  Martin 
Ziegler,  a  German  chemist  and  inventor.  In  this  method  the  per- 
manent gases  derived  from  the  dry  distillation  of  peat  are  used  for 
heating  the  retorts  in  which  the  coking  is  done,  and  for  other  opera- 
tions about  the  plant.  The  system  also  provides  for  the  use  of  the 
same  retorts  continuously,  and  for  the  recovery  in  a  most  practical 
way  of  all  marketable  chemical  compounds  as  by-products.  Three 
plants  of  commercial  size  using  this  system  have  been  erected  in 
Europe;  the  first  at  Oldenburg,  Germany;  the  second  at  Redkino, 
Russia,  by  the  Russian  Government  in  1901,  and  the  third  at  Beuer- 
berg,  Bavaria,  in  1904.  The  last-named  plant  embodies  many 
improvements,  and  at  the  time  of  its  construction  was  the  most 
complete  establishment  for  making  coke  and  by-products  from  peat 
that  had  then  been  developed.  Each  of  these  plants  is  built  on  the 
unit  system,  each  unit  consisting  of  two  vertical  retorts  about  40 
feet  high  and  elliptical  in  cross  section.  The  lower  half  of  each  retort 
is  of  fire  brick  and  the  upper  half  of  cast  iron,  covered  with  thin  fire 
bricks,  and  the  two  halves  are  inclosed  in  a  fire-brick  shell.  Between 
the  two  shells  are  horizontal  fire  flues.  The  whole  structure  is  inclosed 
by  a  covering  of  common  brick  to  prevent  loss  of  heat  through  radia- 
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tion.  The  retorts  rest  on  a  cast-iron  base  and  taper  down  to  hoppers, 
each  with  two  openings,  closed  by  air-tight  doors,  through  which  the 
peat  coke  can  be  removed  as  often  as  desired.  In  practice  the  coke 
is  drawn  off  once  an  hour  into  iron  cars  with  -air-tight  covers  and  ia 
kept  in  the  cars  till  cool.  The  tops  of  the  retorts  have  heavy  cast- 
iron  doors,  to  which  are  attached  feed  boxes  with  gas-tight  covers, 
opening  inward.  By  this  provision  new  fuel  can  be  introduced 
whenever  necessary  without  interfering  with  the  operation  of  the 
retorts,  so  that  coking  is  continuous.  The  volatile  matter  is  drawn 
off  through  pipes  in  the  upper  half  of  the  retorts  by  suction  fans 
and  led  to  condensing  chambers;  there  it  gives  up  a  part  of  its  heat 
to  concentrate  solutions  and  dry  some  of  the  by-products,  the  tar 
and  tar  water  being  removed  by  condensation.  The  imcondensed 
gases  are  returned  to  the  combustion  chambers  to  serve  as  fuel. 

The  hot  gases  from  the  fires,  having  a  temperature  of  more  than 
1,800*'  F.  (1,000^  C),  are  drawn  through  the  fire-brick  flues  in  the 
walls  inclosing  the  retorts,  and  thence  to  a  main  flue  connected  both 
with  drying  chambers,  in  which  the  drying  of  the  peat  bricks  is 
completed,  and  with  the  chimney. 

As  indicated  above,  the  heat  of  the  gases  leaving  the  retorts  is  used 
to  concentrate  and  dry  out  part  of  the  by-products  by  being  drawn 
under  the  vessels  containing  them.  The  by-products  plant  is  in  a 
separate  building,  and  as  the  essentials  of  the  processes  used  in  it 
are  described  on  pages  131-132,  details  regarding  it  are  unnecessary 
at  this  point. 

Besides  the  retorts  in  which  the  peat  is  thoroughly  coked  at  the 
Beuerberg  plant,  each  pair  of  these  is  directly  connected  with  a 
circular  retort  for  making  half  coke  or  ^'aemicoke,''  from  low  grades 
of  peat  by  using  the  heat  of  the  waste  combustion  gases  from  the 
coking  retorts.  These  gases,  because  they  have  no  free  oxygen, 
and  hence  can  not  set  fire  to  the  peat,  are  conducted  from  the  collect- 
ing flue  of  the  coking  retorts  directly  into  the  half  coke  ovens,  and  are 
hot  enough  to  thoroughly  carbonize  the  peat  without  driving  off  all  of 
the  tarry  compoimds.  The  resulting  product  is  not  as  hard  and  firm 
as  the  peat  coke,  and  is  lower  in  carbon  and  richer  in  hydrogen,  but 
it  makes  excellent  fuel  for  heating,  as  it  bums  with  a  long  bright 
flame.^  The  Ziegler  plant  at  Redkino,  Russia,  is  reported  to  have 
manufactured  this  product  for  fuel  for  locomotives  on  the  railways 
of  the  country,  and  1  pound  of  it  is  said  to  have  evaporated  6.63 
pounds  of  water  in  a  stationary  boiler  and  5.76  pounds  in  a  locomotive 
boiler.*' 


•  Nystvom,  E.,  Peat  and  lignite;  their  mannftotnre  and  uses  in  Europe.  Can.  Dept.  ICinee,  Mines 
Branch,  1908,  pp.  181-183. 

^  After  rtuming  for  some  months  with  seeming  suooesSi  the  Beuerberg  plant  was  dosed,  and  has  not  been 
operated  slDoe.  Among  the  reasons  given  for  the  flaOore  of  the  plant  was  the  great  diffleulty,  except  at 
prohSbitive  cost,  of  drying  the  large  quantity  of  machine  peat  bricks  before  they  were  placed  in  the  retorts. 
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RBCOYBBY  OF  BY-PBODUCTB. 

A  good  quality  of  coke  can  be  made  from  dense,  thoroughly  de- 
composed peat  that  has  been  machined  and  air  dried,  but  the  coke 
must  be  manufactured  under  favorable  conditions  of  market  and 
on  a  large  scale,  and,  if  the  best  financial  returns  are  expected,  the 
coking  must  be  accompanied  by  the  recovery  and  profitable  sale  of  the 
chemical  by-products  and  the  utilization  of  the  noncondensible  gases 
as  fuel  for  heating  the  retorts  and  for  drying  the  peat  preliminary 
to  coking. 

By  such  treatment  there  can  be  obtained  from  peat  the  following 
useful  substances: 

(1)  Coke,  or  charcoal,  the  nonvolatile  part  of  the  peat,  consisting 
of  the  fixed  carbon  and  the  ash  or  incombustible  mineral  solids. 

(2)  Tar,  a  mixture  of  the  more  readily  condensed  hydrocarbon 
compounds  formed  by  the  destruction  of  the  complex  organic  sub- 
stances in  the  peat. 

(3)  Tar  water,  or,  as  it  is  sometimes  called,  gas  water,  a  solution  of 
a  number  of  the  lighter,  less  easily  condensed  organic  compounds 
in  the  water  origmally  present  in  the  peat  or  formed  by  the  decom- 
position of  original  hydrogen  compounds. 

(4)  Fixed  gases,  a  considerable  part  of  the  volatile  matter  given  oflf 
by  peat  heated  in  a  retort,  which  before  piuification  form  a  mixture 
of  elementary  and  compound  gases,  some  of  which  are  combustible. 
The  yield  of  gas  varies  considerably  for  different  kinds  of  peat,  the 
less  decomposed  giving  the  largest  quantity  and  poorest  quality. 

PROPBBTIEa  OP  PBAT  COKE. 

Coke  made  from  peat  differs  much  in  purity  and  hardness,  de- 
pending on  the  kind  of  peat,  the  thoroughness  with  which  the  peat  is 
macerated  before  coking,  and  the  extent  to  which  the  volatile  matters 
are  driven  off.  The  best  peat  coke  is  black  and  has  the  luster  of 
jet,  or  it  may  be  even  of  graphite  color;  it  is  hard  and  compact, 
but  retains  the  original  structure  of  the  macerated  peat.  Such  peat 
coke  is  quite  as  strong  as  good,  hardwood  charcoal,  and  may  even 
surpass  the  latter  in  resistance  to  crushing.  . 

The  percentages  of  sulphur  and  phosphorus  are  usually  very  low, 
and  if  the  peat  was  good  the  ash  content  is  also  low.  Burned  under 
the  proper  conditions  the  coke  gives  practically  the  same  temper- 
ature as  good  charcoal,  about  4,300**  F.  (2,380**  C.) ;  it  has  practically 
the  same  calorific  power  (12,000  to  14,000  B.  t.  u.  per  pound).  Peat 
coke  has  been  used  in  making  gunpowder,  in  purif jring  water  and 
solutions  containing  organic  matter,  in  smelting  and  refining  metals, 
in  the  manufacture  and  hardening  of  steel,  and,  to  some  extent,  in 
making  calcium  carbide.  Obviously,  if  it  can  stand  the  pressure 
of  tall  blast  furnaces,  it  may  replace  charcoal  in  the  manufacture 


USES  OF  PEAT  FOB  FUEL  AKD  OTHER  PUEP08E8.  131 

of  charcoal  iron,  and  the  statement  is  made  that  retort-made  peat 
coke  is  already  replacing  charcoal  for  this  use  to  some  extent  in 
northern  Emx>pe.  It  may  also  be  used  wherever  an  efficient,  smoke- 
less fuel  is  desired,  or  in  industries  where  such  fuel  is  necessary. 

The  poorer  grades  of  peat  and  those  higher  in  ash  are  sometimes 
made  into  ''half  coke/'  a  charcoal-like  product  in  which  some  of 
the  volatile  matter  is  left.  This  has  about  65  per  cent  of  pure  carbon, 
compared  with  more  than  90  per  cent  in  the  thoroughly  coked 
material.  The  amount  of  coke  that  can  be  obtained  from  a  given 
weight  of  peat  depends  upon  the  thoroughness  of  the  coking  and 
the  intensity  of  the  heat.  About  33  per  cent  of  good  coke  is  obtained 
by  the  2Segler  process  of  coking  in  retorts,  and  as  high  as  45  or  50 
per  cent  of  salable  half  coke  may  be  had. 

PROPBBTIB8  AND  DBBIVATiyEa  OF  TAR. 

The  quantity  of  tar  that  may  be  recovered  from  the  distillation 
of  peat  in  coking  retorts  is  somewhat  variable,  but  rarely  exceeds 
4  or  4.5  per  cent  of  the  dry  weight  of  the  peat  used,  and  may  run 
as  low  as  1.5  or  2  per  cent. 

Peat  tar  is  a  black,  viscid  Uquid  having  a  strong,  smoky  odor, 
often  acrid  and  disagreeable.  It  may  be  used  in  the  crude  state 
as  a  wood  preservative,  or  may  be  converted  into  a  variety  of  com- 
mercially valuable  substances  by  redistillation  at  various  tempera- 
tures. The  most  important  products  of  such  treatment  are  light 
oil,  heavy  oil,  wax,  creosote,  and  asphalt. 

MBTHOD8  OF  RBCOYBRINa  TAR  AND  OF  PURIFTING  TAR  DERIVATIYBB. 

In  the  Ziegler  process  the  tar  is  condensed  in  a  receiver  which  may 
be  placed  in  the  ground  near  the  retorts.  The  tar  is  separated  from 
the  water  condensed  with  it  by  heating  the  mixture  in  large  open 
vessels  to  the  melting  point  of  the  tar  by  the  use  of  steam  heat.  The 
tar  collects  in  a  layer  on  top  of  the  water,  and  after  cooling  may  be 
removed  to  another  tank,  where  the  operation  is  repeated.  The 
last  traces  of  any  ammonia  still  left  in  the  tar  are  washed  out  with 
dilute  sulphuric  acid. 

After  the  tar  has  been  sufficiently  freed  from  tar  water  and  ammonia 
it  is  placed  in  a  large  cast-iron  retort  and  melted  with  a  small  amount 
of  a  dilute  solution  of  sodium  hydroxide.  It  is  then  distilled  slowly 
until  all  of  the  water  and  some  of  the  light  oils  have  been  liberated. 
After  the  water  ceases  to  pass  off  from  the  retort,  the  distillate  is 
collected  in  a  second  receiver  and  heating  continued  until  about 
10  per  cent  of  the  amount  of  the  tar  has  passed  over.  The  product 
is  then  removed,  the  heat  is  increased,  and  the  distillation  allowed 
to  proceed  until  crude,  heavy  oil,  mixed  with  paraffin  wax,  has 
collected  in  the  receiver  to  an  amount  equal,  approximately,  to  33 
per  cent  of  the  tar  taken.    The  hot  tar  residue  is  then  dipped  from 


132  USES  OF  PEAT  FOB  FUEL  AND  OTHEB  PUBP03B8. 

the  retort  and  molded  into  blocks  of  asplialtuiQ,  and  the  crude 
mixture  of  paraffin  and  heavy  oils  is  placed  in  tanks  having  valves 
at  various  heights  on  the  sides.  The  mixture  is  stored  in  cold  under- 
ground storerooms  until  the  wax  separates  from  the  oil  and  becomes 
soUd.  The  valves  in  the  containers  are  then  opened,  one  at  a  time^ 
b^inning  at  the  top,  and  the  oil  pressed  out  from  the  openings  and 
added  to  the  crude  oil  ab*eady  collected.  The  final  residue  of  heavy 
oil  which  serves  as  lubricating  oil  is  removed  from  the  wax  by 
pressing  it  cold.  The  wax  is  allowed  to  accumulate  until  enough  is 
on  hand  to  pay  for  its  purification,  after  which  it  is  melted,  filtered 
through  felt,  and  after  some  further  purification  molded  into  candles 
or  other  salable  form. 

The  crude  oils,  which  are  said  to  be  identical  with  petroleum  in 
properties  and  appearance,  are  refined  by  adding  enough  caustic 
soda  to  separate  the  creosote  and  similar  compounds  from  the  oil. 
The  soda  is  added  to  the  oil  in  definite  proportions,  depending  on 
the  amount  of  creosote  found  by  analysis,  and  the  mixture  of  oil 
and  reagent  is  agitated  for  an  hour  or  more  to  insure  complete  union 
of  the  creosote  and  soda.  The  tank  in  which  this  reaction  is  carried 
on  has  valves  at  intervals  down  the  sides.  After  the  stirring  is 
completed  the  mixture  is  allowed  to  stand  for  several  hours  until  the 
oil  and  creosote  solution  separate. 

After  the  separation  is  completed  the  oils  are  drawn  off  into  a 
lead-lined  vat,  5  parts  of  concentrated  acid  for  each  100  parts  of  oil 
are  added,  and  the  mixture  is  stirred  for  about  an  hour  to  remove 
certain  organic  impurities.  The  oil  that  s^arates  from  the  acid  is 
drawn  off  from  the  top,  again  treated  with  caustic  soda,  and  then 
distilled  in  an  iron  or  copper  retort.  The  first  oil  obtained  is  usually 
yellowish,  and  this  portion  is  saved  separately.  The  colorless  dis- 
tillate is  run  into  barrels ;  when  the  specific  gravity  of  the  distillate 
reaches  0.83,  the  receiver  is  again  changed  and  the  heavy  oils  that 
have  an  average  specific  gravity  of  0.85  are  collected.  The  residue 
left  in  the  retort  at  the  end  of  the  distillation  consists  of  tar  and 
sodium  hydroxide,  or,  if  the  heating  be  carried  far  enough  and  all  the 
volatile  matter  be  driven  off,  only  carbon  in  the  form  of  graphite 
remains.    This  can  be  converted  into  carbons  for  electric  lights. 

Creosote  and  resin  compounds  may  be  obtained  from  the  soda 
residue  collected  during  the  purification  of  the  oils  by  placing  the 
residue  in  a  proper  vessel  and  adding  sulphuric  acid  imtil  no  more 
oil  separates.  This  oil  forms  a  distinct  layer  above  the  acid,  and  may 
be  drawn  off  into  another  vessel,  where  it  is  washed  with  water.  A 
strong  solution  of  caustic  soda  is  added  in  the  proportion  of  1  part  of 
solution  to  10  parts  of  oil,  until  about  70  per  cent  of  the  oil  has  boiled 
over.  The  residue  left  in  the  retort  is  crude  sodium  resinate,  which 
may  be  used  in  making  lampblack  or  gas  carbon.   If  the  crude  creosote 
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resulting  from  this  treatment  is  to  be  further  purified,  the  processes 
described  must  be  repeated  several  times.  As  such  purification  pays 
only  when  conducted  on  a  large  scale,  the  crude  creosote  obtained 
from  small  plants  can  best  be  utilized  by  treating  it  with  finely 
powdered  and  sifted  slaked  lime.  The  product  is  a  crude  calcium 
creosote  compound  that  can  be  sold  for  disinfecting  purposes. 

The  tars  obtained  at  the  Benerbeig  coking  plant  in  Bavaria 
(Ziegler  process)  are  said  to  have  been  converted  into  a  soaphke 
product  which  makes  excellent  axle  grease  by  adding  lime  and  resin 
oil  to  the  tar.  This  disposition  of  the  tany  material  is  simpler  and 
requires  much  less  apparatus  than  the  process  described  above,  and 
if  tiie  product  can  be  sold  in  sufficient  quantities  makes  the  disposal 
of  the  tar  a  relatively  easy  matter. 

DBRIVATIVB8  FBOM  TAB  WATBB. 

The  character  of  the  derivatives  from  tar  water  depends  to  some 
extent  on  the  kind  of  peat;  the  less  decomposed,  fibrous  kinds  yield 
more  methyl  alcohol  and  acetic  acid  and  less  ammonia  than  the 
darker  colored,  thoroughly  decomposed,  and  structureless  kinds, 
which  contain  more  combined  nitrogoi.  The  tar  water  from  the  con- 
densers is  practically  a  dilute  watery  solution  of  ammonia  salts, 
acetic  and  other  organic  acids,  and  wood  alcohol,  together  with 
smaller  quantities  of  finely  divided  tarry  matter. 

In  recovering  these  substances  on  a  commercial  scale  several 
methods  are  in  use.  By  one  of  them  the  tar  is  removed  by  filtering 
through  a  charcoal  filter,  the  dear  filtrate  is  made  alkaline  with 
calcium  hydrate,  and  filtered  again  through  a  fine  cloth.  This  sepa- 
rates the  bases  (from  which  aniline  and  other  organic  compounds 
may  be  obtained)  from  the  filtrate,  containing  the  acetic  acid  com- 
pounds, anmionia,  and  methyl  alcohol. 

This  filtrate  is  then  placed  in  a  retort  and  the  ammonia  and  methyl 
alcohol,  together  with  much  of  the  water,  are  distilled  over  into  a 
receiver.  As  the  distillation  proceeds  the  heat  causes  certain  tarry 
substances  to  separate  from  the  residue  in  the  retort,  and  these  have 
to  be  removed  as  fast  as  formed,  so  that  they  will  not  decompose  and 
discolor  the  solutions  on  further  heating.  The  latter  part  of  the  dis- 
tillation, after  the  residue,  which  is  principally  calcium  acetate, 
becomes  concentrated,  is  carried  on  at  low  temperature,  and  is  accom- 
panied by  constant  stirring  of  the  solution,  so  as  to  prevent  any 
decomposition  of  the  acetate. 

The  liquid  containing  the  anmionia  and  methyl  alcohol  is  neutral- 
ized with  sulphuric  acid,  filtered  to  remove  impurities,  and  again 
distilled  to  obtain  the  methyl  alcohol,  which  is  further  purified  and 
concentrated  by  redistillation  and  by  passing  the  distillate  over 
layers  of  quicklime  to  remove  the  water.    After  the  methyl  alcohol 
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has  all  been  driven  off;  the  residue,  which  contains  the  ammonia  in 
the  form  of  ammonium  sulphate,  is  filtered  again  and  slowly  evapo- 
rated in  an  open  iron  vessel  until  the  salt  begins  to  crystallize.  The 
temperature  is  then  decreased  and  the  liquid  stirred  vigorously  until 
the  ammonium  sulphate  is  thoroughly  dry. 

The  recovery  of  these  three  compounds  (ammonia,  wood  alcohol, 
and  acetic  acid)  may  be  accomplished  on  a  very  large  scale  by  modi- 
fications of  the  processes  described,  including  the  use  of  towers  through 
which  the  gases  from  the  coking  retorts  are  passed,  and  in  which  they 
are  brought  in  contact  first  with  sulphuric  acid  to  fix  the  ammonia 
and  then  with  milk  of  lime  to  remove  the  acetic  acid.  The  materials 
obtained  are  purified  and  concentrated  as  previously  described.  The 
most  recent  practice,  however,  eliminates  the  towers. 

PBBMANBNT  GASES  FROM  GOKIN6  RETORTS. 

As  with  the  other  by-products  discussed,  the  volume  and  compo- 
sition of  the  uncondensible  part  of  the  distillates  from  peat-coking 
retorts  vary  with  the  kind  of  peat  used,  the  amount  of  water  present, 
and  the  temperatures  at  which  the  coking  is  carried  on. 

As  the  present  discussion  relates  to  the  by-products  recoverable 
from  coking  ovens,  the  figures  furnished  by  the  Ziegler  peat-coking 
plants  in  operation  in  Germany  are  valuable  and  instructive.  In  a 
test  run  at  the  plant  at  Oldenburg,  in  which  576  tons  of  peat  were 
used,  the  noncondensible  gases  were  found  to  be  57.3  per  cent  of  the 
whole  product,  and  of  this  quantity  about  20  per  cent  was  air,  leaving 
37  per  cent,  or  213.4  tons,  as  the  amount  available  for  use. 

The  uncondensed  gases  before  purification  were  found,  according 
to  official  reports  cited  by  Nystrom  ®  to  have  the  following  compo- 
sition: 

Analysia  of  uncondensed  gases  from  retorts  at  the  plant  at  Oldenburg,  Germany. 


Qas. 


Carbon  dioxide  (COi) 

Oxygen  (O) 

Nitrogen  (N) 

Carbon  monoxide  (CO) 

Methane  (CHO 

Other  hyoTDCtfbons  (CHoi). 
Hydrogeo  (H) 


Weight.       Volome. 


PereerU. 
48.8 

2.8 
2&5 

9.7 

1.7 
1.0 


PereenL 
27.4 
2.2 
22.5 

a.6 

14.8 

1.0 

28.6 


This  gas  had  a  caloriflo  value  of  322  British  thermal  units  per  cubic  foot. 


a  Nystrom,  E.,  Peat  and  lignite;  their  mannfacture  and  uses  in  Europe:  Can.  Dept.  Mines,  MinoB 
Bnmch,  1007,  p.  180i 
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A  later  report,  from  the  Ziegler  peat-coking  plant  at  Beuerberg, 
gives  the  composition  of  the  gases  obtained  there  as  follows : 

AnalygU  of  unoondenud  gases  from  retorts  at  the  plant  at  Beuerberg ^  Germany. 


Oas. 


Carbon  dioxide  (COt) . 


Oxygen  (O). 
Carbon 


monoxide  (CO) 

Hethane  and  other  hydrocarbon  gases  (CH4  and  CHm)  ■ 


r«niogen(N). 


Volume. 


Percent. 
15.5 
1.1 
20.4 
12.4 
28.6 
21.0 


This  is  a  better  fuel  gas  than  the  first  one,  as  it  contains  a  lower 
percentage  of  carbon  dioxide  and  more  carbon  monoxide  and 
hydrogen. 

Properties. — Of  the  gases  found  by  these  analyses,  carbon  dioxide, 
oxygen;  and  nitrogen  are  not  inflammable,  although  the  oxygen  aids 
in  the  combustion  of  the  fuel  gases  present.  Carbon  monoxide  and 
hydrogen  give  heat  but  nonlimiinous  flames  so  that  they  are  not 
available  for  illuminating  purposes  when  pure,  unless  incandescent 
burners  of  the  Welsbach  type  are  used.  The  methane  and  other  ^ 
hydrocarbon  gases  given  in  the  analyses,  however,  bum  with  a 
bright  light,  and  may  be  termed  illuminants.  The  illuminating 
power  of  the  peat  gas  depends  on  the  percentage  of  illuminants  in 
the  gas,  and  this,  in  turn,  is  largely  governed  by  the  intensity  of  the 
heat  developed  in  the  coking  retorts  and  the  degree  to  which  the 
coking  is  carried. 

Volume  per  unit  of  peat. — The  volume  of  gas  derived  from  coking 
peat  is  quite  variable,  but  in  experimental  work  100  poimds  of  dry 
peat  are  reported  by  Eyan  **  to  yield  from  475  to  519  cubic  feet  of 
iUuminating  gas,  when  treated  in  a  retort,  whereas  other  writers 
report  300  to  430  cubic  feet  from  the  same  weight  of  peat.  The  vol- 
ume of  gas  obtained  from  ovens  of  the  Ziegler  pattern  is  reported  to 
have  been,  in  one  test,  6,650  cubic  feet  of  gas  to  the  metric  ton  (2,204 
pounds)  of  dry  machine  peat  coked,  or  about  300  cubic  feet  from  100 
pounds  of  peat. 

TJees. — The  noncondensible  gases  obtained  in  the  ways  described 
are,  in  part,  combustible,  and  may  be  used  for  illuminating  or  for 
fuel.  If  they  are  to  be  used  for  lighting,  they  must  be  purified  by 
removing  carbon  dioxide  and  other  impurities  or  diluents,  and,  as 
a  rule,  enriched  by  the  addition  of  some  of  the  hydrocarbon  com- 
pounds obtained  by  heating  the  tars  in  retorts.  Tbe  peat  gas  may 
be  used  as  a  source  of  power  by  burning  it  under  steam  boilers  or 

•  Ryan,  Hugh,  Reports  upon  the  Irish  peat  indastrin,  pt.  2:  Eoon.  Proo.  Roy.  Soo.  Dublin,  yol.  1,  pt. 
13»pp.£19»5aOL 
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in  the  cylinderB  of  intemal-combiistion  engines.  It  may  be  used 
for  heating  the  coking  retorts,  for  generating  the  heat  or  power 
needed  for  handling  and  drying  the  peat,  and  for  any  other  purpose 
in  the  process  of  making  peat  coke  and  recovering  by-products.  The 
actual  value  of  this  gas  for  the  uses  given  is  estimated  by  Dr.  Ziegler 
to  be  fully  25  per  cent  of  the  value  of  the  coke  obtained,  and  with  it 
and  the  waste  heat  from  the  retorts  he  carried  on  all  of  the  operations 
about  his  plants,  after  the  coking  operation  was  once  started,  includ- 
ing the  manufacture  of  peat  charcoal  or  ''half  coke  "  from  the  poorer 
grades  of  peat. 


QUANTTTT  OP  BY-PRODUCTS  OBTAINED  PROM  COKING  PEAT. 

Thenius,  as  cited  by  Ryan  ^  obtained  from  good  air-dried  peat  the 
following  by-products: 

Pertentagt  and  weight  of  by-producU  per  ten  of  mr-dried  peat. 


Sabstanoes. 


Chafwal 

Tar  water 

Li^tpetroleDm. 
Heavy  petroleam 
LubrieatinK  oO. . . 
ParafiLn  wax 


Peroeot- 

Pounds 

age. 

per  ton. 

3&84 

706.8 

40.00 

800.0 

1.76 

86. 2 

2.56 

61.2 

1.77 

36.4 

.30 

6.0 

Sobstances. 


PoondB 
per  ton. 


Asphalt 

Creosote..... 
Gas  and  loss 


From  100  pounds  of  dry  peat  tar  the  same  investigator  reports  the 
following  as  obtained  by  distillation : 

Products  of  dietillationfrom  100  pounds  of  dry  peat  tar. 


Substances. 


Lidit  pfMeom  (density  less 


0.88) 
petroleum  (density 


eayy 
0.85) 
Lubileattng  oil 


Crude. 


POttfUlt. 

16 

30 
15 


Purified. 


Powidt. 
12 

25 
15 


Substances. 


Paraffln  wax. 

Asphalt 

Creeoote 

Gas  and  loss  . 


Crude. 


12 

16 


11 


Purified. 


2 

16 

0 

23 


From  100  pounds  of  tar  water  there  was  also  obtained: 

Pounds. 

Ammonium  sulphate 4. 0 

Methyl  alcohol 2. 0 

Pyridine  bases 2 

These  figures,  when  reduced  to  pounds  of  the  substanc^es  per  short 
ton  of  peat  (800  poimds  of  tar  water  can  be  obtained  from  a  ton 
of  peat),  became: 

Pounds. 

Ammonium  sulfdiate 32. 0 

Methyl  alcohol 16.0 

Pyridine  bases .' 1. 6 

•  Ryan,  Hn|^  Reports  upon  the  Irish  peat  industries,  pt.  2:  Eoon.  Proc.  Roy.  800.  Dublin,  vol.  X.  pL 
13»p.516. 
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In  addition,  acetic  acid  can  be  recoyered  in  the  form  of  calcium  or 
potassium  acetate,  equivalent  to  12.6  pounds  of  the  pure  acid  to  a 
ton  of  dry  peat. 

The  processes  for  the  recovery  of  these  compounds  from  the  tar 
and  the  tar  water  have  already  been  described,  and  although  the 
necessary  equipment  is  simple,  the  operations  require  high-priced 
supervision  and  skilled  labor,  as  well  as  much  heat  from  some  cheap 
and  convenient  source.  On  account  of  the  cost  of  these  items  and  of 
maintaining  the  plant,  very  large  quantities  of  crude  materials  must 
be  treated  to  make  profitable  the  recovery  for  commercial  purposes 
of  any  or  all  of  the  substances  mentioned  as  by-products. 

Dr.  Ziegler  estimates  that  in  actual  practice  in  a  well-equipped 
Ziegler  plant,  capable  of  coking  100  tons  of  air-dried  machine  peat 
each  day  of  24  hours,  the  total  quantity  and  value  of  by-products  will 
be  as  follows :  " 


QuantUy  and  value  of  by-producU  from  100  tons  of  air-dried  machine  pedt  each  day  of  24 

hours. 


Product. 


Antmonhun  wilplHite pouiKh. 

Acetate  of  lime do... 

Iffltbylalooliol saUoiu. 

UsbtoUs do... 

HflBTToUs do... 

Panffln pounds. 

Cnosotooilorcarbolloacld do... 

Asphalt do. . . 


Deduct  10  per  cent  for  the  expenses  of  selUng . 
Total 


Quantity. 


900 

1,320 

65 

280 

95 

716 

3.100 

440 


Selling  price  per  unit. 


13. 07  per  100  pounds. 
2. 35  per  100  pounds. 

.70  per  gallon 

.07^  per  gallon 

.07:  per  gallon 

.03  per  pound 

.02  per  pound 

.00}  per  pound 


Value. 


$27.63 
31.03 
46.50 
21.00 

7.12 
26.81 
60.75 

2.20 


231.03 
23.10 


207.93 


This  total  value  of  the  by-products  may  be  subtracted  from  the 
oost  of  producing  the  peat  coke,  which,  after  the  deduction  has  been 
made,  is  given  as  $1.74  to  $3.05,  depending  on  the  cost  of  producing 
the  machine  peat  and  delivering  it  to  the  coking  retorts.  The  cost 
of  making  the  coke  includes  all  proper  charges  for  plant,  labor, 
maintenance,  etc.  As  the  price  received  for  the  best  quality  of  peat 
coke  in  Germany^  is  $13.20  (55  marks),  or  even  more,  per  ton,  and 
for  the  poorer  grades  $6  to  $9  (27  to  36  marks)  per  ton,  the  margin 
of  profit  for  the  investment  of  capital  is  excellent  in  that  country, 
especially  with  lai^e  plants  operated  for  the  recovery  of  by-products. 
Whether  the  opportunities  are  as  good  in  the  United  States,  where 
there  is  a  great  iron  industry  and  an  active  demand  for  the  chemical 
substances  made  as  by-products  of  peat-coke  manufacturing,  can  be 
shown  only  by  the  actual  development  of  a  plant. 

«  Kyatrom,  E.,  Peat  and  lignite;  their  manufitcture  and  uses  in  Europe,  Can.  Dept.  Mines,  Mines  Branch, 
1906,  p.  190. 

b  Jfytttam,  I.,  Peat  and  Ugnlte;  tlifllr  mamiftietBiB  and  uses  in  Europe,  Can.  Dept.  Mines,  Mines  Bianoh, 
1008,  p.  181. 
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COST  OF  PLANT  FOB  HAXINO  PBAT  COKE  AND  RXCOYBRINO  BT-FRODUCI8. 

Each  additional  process  adds  to  the  initial  expense  of  a  plant,  and 
it  is  to  be  expected  that  any  system  of  coking  peat  will  involve  a 
large  preliminary  investment  for  retorts  and  other  equipment,  as 
well  as  for  buildings,  which  must  be  lai^er  and  more  substantial 
than  those  for  briquetting  in  order  to  acconmiodate  the  apparatus 
necessary  for  conducting  operations  on  a  profitable  scale. 

The  estimated  cost  of  a  four-oven  plant  built  according  to  the 
plans  of  the  Ziegler  system  and  capable  of  coking  35,000  tons  of 
air-dried  peat  per  year,  or  about  100  tons  of  peat  per  day  of 
24  hours,  is  given  by  Dr.  O.  K.  Zwingenberger,  of  New  York, 
formerly  agent  for  the  United  States  for  the  company  controlling  the 
Ziegler  patents,  as  $160,000.  Of  this  amount  $100,000  is  for  build- 
ing and  equipping  the  plant  and  the  remainder  for  necessary  working 
capital.  The  figures  are  based  on  American  prices  for  materials 
and  labor. 

As  only  about  one-third  of  the  weight  of  the  peat  charged  into  the 
ovens  is  recovered  as  coke,  or  less  than  one-half  if  the  main  product 
is  ''half  coke,"  a  small  plant,  handling  but  a  few  thousand  tons  of 
air-dried  peat  in  a  year,  would  manifestly  be  operated  at  a  dis- 
advantage. Such  a  plant  could  hardly  prove  profitable,  even  if  the 
by-products  were  all  recovered  and  sold  on  the  best  possible  basis, 
because  as  many  costly  operations  and  high-priced  men  are  needed 
in  a  small  plant  as  in  a  large  one. 

MANUFACTUBE  OF  PBAT  OOKB  IN  THE  UNITED  STATES. 

That  peat  coke  would  find  a  ready  market  in  this  country  in  the 
regions  where  iron  ores  are  mined  seems  probable,  however,  as  it 
could  be  profitably  used  there  to  produce  high-grade  charcoal  iron. 
The  manufacture  of  such  iron  is  now  carried  on  in  northern  Michigan 
and  the  adjacent  regions  at  a  great  cost  for  the  hardwood  limiber 
that  is  converted  into  charcoal,  although  in  the  same  territory,  and 
especially  in  Minnesota,  there  are  extensive  beds  of  peat  that  have 
never  been  used  for  any  purpose.  There  should  also  be  a  good 
market  for  the  product  as  fuel  in  large  cities  and  in  parts  of  the 
country  where  anthracite  is  high-priced  or  unobtainable. 

A  single  small  plant  making  peat  charcoal  for  fuel  was  in  operation 
at  New  Haven,  Conn.,  for  several  years,  but  the  output  was  small 
and  the  quality  of  the  original  peat  was  poor,  so  that  the  product 
had  only  a  small  local  market.  Other  systems  for  making  peat  coke 
have  been  advertised  as  originating  in  the  United  States,  but  so  far  as 
can  be  learned  only  one  of  them  has  yet  actually  been  embodied  in  a 
working  plant.  A  plant  for  making  peat  coke  has  been  reported  in 
operation  in  southern  Califomia,  but  no  account  of  it  has  been 
received  and  no  report  can  be  made  as  to  its  operations.     In  fact, 
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80  far  as  is  known  at  this  writings  the  Ziegler  system  is  the  only 
peat-coking  system  so  far  worked  out  in  a  fullnsized  plant  that  has 
operated  successfully  from  a  financial  point  of  view,  except  that  at 
Mizabethfehn,  Germany,  designed  by  Dr.  W.  Wielandt,  of  which  no 
detailed  description  has  been  received. 

Peat  coke  should  be  produced  in  the  United  States  by  a  plant 
equipped  for  the  recovery  of  by-products  and  handling  100  tons  of 
air-dried  machine  peat  per  day,  at  a  cost  of  from  S3  to  $3.50  per  ton 
of  coke,  if  the  by-products  are  sold  at  current  rates.  Included  in 
this  estimate  are  fair  charges  for  digging  and  air  drying  the  peat,  for 
machinery,  and  for  all  other  chaises  that  should  be  borne  by  the 
plant. 

The  {M3oe  at  which  the  coke  can  be  sold  will  probably  vary,  accord- 
iog  to  tlifi  quality  of  the  coke,  the  locality  in  which  it  is  made,  the 
purposeft  l(Nr  which  it  is  to  be  used,  etc.,  but  it  should  about  equal 
that  of  charcoal,  or  $6  to  $12  or  more  per  ton.  As  the  price  of  char- 
coal will  continue  to  advance  with  the  exhaustion  of  the  available 
wood  supply,  there  is  a  good  prospect  for  an  equivalent  increase  in  the 
probable  price  of  peat  coke,  because  peat  coke  can  be  used  not  simply 
as  a  substitute  for  charcoal  but,  if  of  the  best  grade,  as  a  superior 
article. 

The  experience  gained  by  those  who  have  attempted  to  make  peat 
coke  in  Eiu'ope  points  clearly  to  the  fact  that  the  operation  is  not 
commercially  successful  unless  the  peat  is  of  the  best  quaUty  and  the 
coking  is  conducted  in  such  a  way  as  to  utilize  the  heat  of  the  gases 
from  the  retorts  for  various  purposes  throughout  the  plant.  If  the 
coking  is  to  be  profitable  the  condensible  distillates  should  be  saved 
and  made  into  a  series  of  salable  chemical  by-products. 

The  amount  of  capital  needed  for  developing  a  proper  plant  for 
making  peat  coke  is  so  large  that  the  investment  is  scarcely  justified 
unless  a  prehminary  attempt  is  made  not  only  to  find  a  market  for 
the  coke,  but  to  learn  where,  in  what  quantities,  and  at  what  prices 
the  by-products  can  be  sold  and,  if  possible,  to  have  at  least  a  part  of 
the  output  sold  conditionally. 

MANUFACTURE   OP   GAS   FROM   PRA.T. 

HISTOBY. 

A  few  years  ago  it  was  predicted  that  with  the  rapid  introduction 
of  improvements  in  lighting  by  electricity  the  use  of  gas  for  illuminat- 
ing piurposes  would  decrease.  Almost  at  the  same  time,  however, 
came  entirely  new  forms  of  gas  burners,  in  which  the  light  is  derived 
from  the  incandescence  of  the  oxides  of  certain  rare  metals,  instead 
of  from  that  of  the  carbon  particles  in  the  flame  itself.  In  these  burn- 
ers the  gas  is  completely  burned  and  the  oxides,  in  the  form  of  a  porous 
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mantle,  are  intensely  heated.  Much  less  gas  is  used  than  with  the  old 
patterns  of  burners,  and  much  more  light  is  obtained.  In  addition 
the  cost  of  gas  was  decreased  by  improved  methods  of  manufacture, 
so  that  the  price  of  gaslight,  for  the  candlepower  obtainable,  became 
much  cheaper  than  ever  before. 

Accompanying  the  improvements  by  which  gas  could  be  furnished 
to  the  consumer  at  lower  prices  came  also  the  invention  and  popular- 
izing of  correctly  designed  burners,  stoves,  and  other  apparatus  for 
using  gas  as  a  domestic  fuel  and  for  the  generation  of  steam  power. 
The  convenience,  cleanliness,  and  efficiency  of  the  fuel  more  than 
offset  its  somewhat  greater  cost  for  these  uses  as  compared  with 
wood  or  coal  at  the  prices  that  those  fuels  bring  in  many  locaUties. 

In  stiU  another  direction  there  has  been  a  great  advance  in  the  use 
of  gaseous  fuel.  This  advance  has  gone  on  so  rapidly  that  only  me- 
chanical engineers  especially  interested  in  power  development  realize 
the  rate  at  which  the  change  is  taking  place.  This  is  the  development 
of  engines  in  which  the  energy  of  the  fuel  is  converted  into  power  by 
its  ignition  and  sudden  expansion  in  the  cylinders  of  the  engines. 

Besides  these  important  advances  in  the  use  of  gas,  improvements 
in  generators  and  gas  producers,  and  investigation  of  the  properties  of 
gases  derived  from  many  kinds  of  fuel  have  demonstrated  that  gas  can 
be  profitably  made  from  fuels  that  have  long  been  regarded  as  prac- 
tically worthless.  With  these  improvements  there  have  been  modifi- 
cations of  the  gas  engine  that  make  practicable  the  use  of  the  poorest 
grades  of  producer  gas.  In  view  of  all  these  facts,  the  possibility  of 
using  peat  for  the  manufacture  of  gas  becomes  an  important  topic  for 
investigation  in  regions  where  coal  is  not  found  and  peat  is  abundant. 

It  has  already  been  shown  that  gas  of  good  quaUty  is  obtained  when 
peat  is  heated  in  retorts  and  that  this  gas  can  be  used  for  fuel  and, 
after  purification  and  enrichment,  for  lighting.  Doubtiess,  also,  it 
would  without  enrichment  provide  ample  light  if  burned  in  incan- 
descent types  of  burners. 

ILLTTMINATINa  GAB. 
REQUIREMENTS   FOR  SUCCESSFUL  PBODUCTIOK. 

Excellent  illuminating  gas  may  be  prepared  from  peat  by  distilling  it 
in  cast-iron  retorts  heated  from  the  outside.  To  secure  satisfactory 
commercial  results,  however,  the  retorts  for  making  a  given  quantity 
of  gas  must  be  larger  for  peat  than  for  coal,  and  the  outlet  pipes  must 
be  of  larger  diameter  because  the  peat  gives  off  large  quantities  of  gas 
quickly;  the  condensing  apparatus  also  must  be  more  efficient  than 
that  required  for  coal  gas,  because  of  the  greater  proportion  of  watery 
and  tarry  products. 

The  distillation  of  peat  for  illuminating-gas  manufacture  must  be 
carried  on  at  a  red  heat,  or  higher,  in  order  to  decompose  the  heavier 
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hydrocarbons  into  permanent  gasee  that  will  furnish  substances  to 
brighten  the  flame  when  the  gas  is  burned.  To  maintain  this  high 
temperature,  the  fire  boxes  of  the  retorts  must  be  larger  than  for 
maldng  gas  from  coal,  and  more  fuel  must  be  burned  to  continue  the 
necessary  decomposition  of  the  tars. 

If  distillation  is  carried  on  at  temperatures  that  are  too  low,  the 
gas  contains  much  carbon  dioxide  and  gives  a  colorless  flame  when 
burned;  the  percentage  of  carbon  dioxide  may  reach  25  to  30  per  cent 
and  even  more  if  the  peat  used  is  not  thoroughly  dry  w»hen  it  is  put 
into  the  retort.  The  evaporation  of  the  water  present  lowers  the 
temperature  of  the  gases  formed  so  much  that  the  carbon  dioxide 
developed  is  not  decomposed. 

coifP&smoN. 

The  composition  of  peat  gas  is  reported  to  vary  considerably,  being 
dependent  upon  the  temperature  of  distillation,  the  character  of  the 
peat,  the  quantity  of  water  in  the  peat,  and  the  method  of  distilling. 

Ryan  '^  gives  the  following  tables  as  indicating  the  average  compo- 
sition of  peat  gas: 

Percent. 

Methane  (CH4) 30 

Carbon  dioxide  (COj) 30 

Hydrogen  (Hj) 19 

Carbon  monoxide  (CO) 14 

Heavy  hydrocarbonfi 7 

Nitrogen  (Nj) Trace. 

The  gas  after  it  has  been  purified  by  the  removal  of  the  carbon 
dioxide  shows  the  following  composition: 

Per  cent. 
Methane  (CH4) 42.5 

Hydrogen  (H2) 27.5 

Carbon  monoxide  (CO) 20. 0 

Heavy  hydrocarbooB 9. 5 

Carbon  dioxide  (CO3) 2 

Nitrogen  (Nj) 3 

The  carbon  dioxide  is  removed  by  slaked  lime,  and  the  necessity 
of  using  a  laj^e  quantity  of  lime,  compared  with  what  is  necessary 
for  coal  gas,  has  operated  against  the  use  of  peat  as  aaource  of  illumi- 
nating gas. 

Peat  gas  may  also  contain  sulphur  compounds  and  considerable 
ammonia,  the  proportion  of  the  former  depends  upon  the  proportion 
of  sulphur  in  the  peat,  and  of  the  latter  upon  the  percentage  of  com- 
bined nitrogen  in  the  peat  and  the  temperature  at  which  distillation 
is  carried  on.  The  proportion  of  nitrogen  that  combines  with  hydro- 
gen to  form  ammonia  is  much  laiger  at  low  than  at  high  temperatures. 

a  Byaiiy  Hugh,  Reports  upon  the  Irish  peat  industries,  Pt.  11:  Econ.  Proc.  Roj.  Soc.,  Dublin,  voL  1, 
pt.l3,pp.fi20-fi2L 
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The  quantity  of  sulphur  compounds  in  gas  distilled  from  fresh-water 
peat  will  nearly  always  be  considerably  lower  than  in  coal  gas, 
because  such  peat  contains  less  sulphur  than  coal;  but  peat  that  has 
been  subjected  to  the  action  of  salt  water  is  likely  to  have  a  relatively 
high  percentage  of  sulphur,  and  this  will  appear  in  the  gas  derived 
from  it. 

QUANTITY  OP  GAS   PER  UNrT  OP  PEAT. 

The  yield  of  gas  from  a  poimd  of  peat  in  a  given  time  is  reported  to 
be  greater  than  that  obtainable  from  a  poimd  of  coal  in  the  same  time, 
so  that  fewer  retorts  are  needed  for  a  stated  production  of  gas.  The 
volume  of  gas  obtainable  from  good,  properly  dried  peat  by  the  use 
of  well-designed  and  well-constructed  retorts  and  of  temperatures  high 
enough  to  decompose  the  tars,  is  almost  equal  to  that  yielded  by 
English  cannel  coals  imder  equally  good  conditions,  the  peat  giving 
from  8,900  to  10,400  cubic  feet  per  ton  of  2,000  pounds,  and  New- 
castle coal  giving  about  11,400  cubic  feet  per  ton. 

Peat  gas  is  heavier  and  denser  than  coal  gas,  hence  it  must  be 
burned  under  greater  pressure  if  coal-gas  burners  are  used  for  it,  or  if 
burned  without  pressure  the  openings  in  the  burners  must  be  made 
larger  to  get  as  good  results. 

OAUSES   OF  FAILURE   IN   PAST   EXPERIMENTS. 

It  is  apparent  from  the  facts  recited  that  experimental  runs  with 
peat  as  a  source  of  gas  in  retorts  made  for  generating  gas  from  coal, 
and  by  men  familiar  only  with  the  manufacture  of  coal  gas,  would 
yield  results  of  negati:re  value  and  a  very  imsatisfactory  product. 
The  history  of  the  attempted  commercial  use  of  peat  for  the  pro- 
duction of  illuminating  gas  on  a  large  scale  is  principally  a  record  of 
such  attempts  and  of  failures  resulting  from  them.  They  have  been 
carried  on  in  Europe  principally,  but  on  a  small  scale  attempts  were 
made  to  use  peat  for  illuminating-gas  production  in  parts  of  New 
England,  New  York,  and  New  Jersey  about  fifty  years  ago.  ^  The 
results  were  reported  satisfactory,  although,  as  the  use  of  peat  for  the 
purpose  was  not  continued,  it  seems  probable  that  there  was  a  tech- 
nical failure,  due,  in  part  at  least,  to  a  lack  of  appreciation  of  the 
underlying  principles  as  outlined  above.  From  1894  to  1896  peat 
gas  was  made  at  the  works  of  the  Cambridge  Gaslight  Company, 
Cambridge,  Mass.,  imder  patents  of  W.  F.  Brown,  but  the  process  was 
finally  abandoned  on  accoimt  of  the  cost  and  poor  quality  of  the  cut 
peat  used. 

PRESENT   STATUS   OF  GAS   MANUFACTURE. 

The  use  of  coal  is  so  much  more  general  now  than  when  the  experi- 
ments were  made  of  which  definite  reports  have  given,  that  it  would 
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be  difficult  to  secure  their  repetition.  No  localities  where  peat  is  now 
used  as  a  source  of  illuminating  gas  in  Europe  are  reported  in  the 
latest  advices  from  the  countries  where  such  use  has  been  attempted, 
so  that  it  may  be  safely  assumed  that,  in  spite  of  the  practicability  of 
making  illuminating  gas  from  peat,  it  is  not  now  used  for  the  purpose 
on  a  commercial  scale;  that  it  might  be  so  used  in  properly  designed 
and  constructed  plants  in  regions  remote  from  supplies  of  suitable 
coal  and  where  peat  is  common  is  clearly  indicated. 

WATER  GAS. 

In  recent  years  a  type  of  gas  known  as  water  gas  and  enriched  or 
carbureted  water  gas  has  been  used  extensively  for  illuminating  pur- 
poses. This  gas  is  obtained  by  bringing  steam  into  contact  with 
incandescent  carbon  in  the  form  of  coke.  The  steam  is  decomposed 
and  its  oxygen  unites  with  the  carbon  to  form  carbon  monoxide, 
leaving  the  hydrogen  free.  The  mixtiu*e  of  carbon  monoxide  and 
.  hydrogen  burns  with  an  intensely  hot  but  slightly  luminous  flame. 
To  give  this  gas,  which  ib  nearly  identical  with  the  gas  from  some 
forms  of  gas  producers,  illuminating  elements,  the  heavier  hydro- 
carbons are  added  to  it.  A  common  method  of  enriching  water  gas 
18  by  injecting  naphtha  or  gasoline  into  it.  The  enriched  gas  gives  a 
bright  flame  of  good  candlepower.  It  ib  the  type  of  illuminating  gas 
supplied  in  many  cities  of  the  United  States,  as  it  can  be  made  at 
much  less  cost  than  that  obtained  by  the  destructive  distillation  of 
coal.  Peat,  although  used  to  make  producer  gas,  does  not  seem  to 
have  been  tested  for  making  the  carbureted  water  gas,  but  such  use 
is  evidently  possible. 

FUEL  OA8. 

Oas  is  now  much  used  as  a  source  of  heat  for  power  and  other  pur- 
poses, and  is  rapidly  growing  in  favor  for  such  uses,  because  of  its 
high  efficiency,  deanliness,  and  the  ease  and  cheapness  with  which  it 
is  handled. 

It  is  apparent  from  what  has  already  been  said  regarding  the  quality 
and  quantity  of  gas  to  be  had  as  a  by-product  of  peat  distillation  or 
of  coking  operations  that  the  subject  should  prove  attractive  to  the 
engineer  seeking  a  cheap  and  unutilized  fuel  as  a  source  of  power 
and  fuel  gas.  Moreover,  it  is  known,  from  the  unqualified  statements 
of  trustworthy,  unprejudiced,  and  competent  observers,  that  peat  is 
being  given  a  thorough  trial  for  power-gas  production  in  several 
European  countries  where  there  ib  an  increasing  need  for  fuel  for 
manufacturing  industries.  In  Sweden  and  Germany  this  use  has 
passed  to  the  commercial  stage  of  development. 

661**— BuU.  16—11 ^10 
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The  generation  of  gas  for  burning  under  boilers  and  for  direct  use 
in  gas  engines  places  few  of  the  limitations  on  the  process  or  the  gas 
that  are  inherent  in  the  manuf actiu^  of  gas  for  lighting.  The  main 
object  is  to  get  as  much  as  possible  of  the  heat  energy  from  the  original 
fuel  in  the  form  of  inflammable  gas,  yield  and  uniform  composition 
being  more  important  than  the  thermal  value  to  the  omit  of  volume 
or  the  proportion  of  inert  gas  present.  For  these  reasons  the  use  of 
retorts  has  been  abandoned  as  too  costly  for  manufacturing  gas  for 
fuel  and  power  purposes.  In  their  place  have  been  substituted  gas 
producers  in  which  the  fuel  elements  of  the  combustibles,  the  carbon, 
both  fixed  and  volatile,  and  the  hydrogen  are  all  used,  the  entire  body 
of  fuel  being  converted  into  permanent  gas  and  ashes.  The  process 
of  making  gas  in  a  gas  producer  differs  from  that  of  making  illumi- 
nating gas  in  that  a  part  of  the  fuel  is  burned  inside  of  the  producer  to 
furnish  the  heat  necessary  for  gasification  and  in  that  no  fixed  carbon 
or  coke  remains. 

Used  in  this  way  there  is  a  loss  of  fuel  to  the  extent  that  heat  units 
are  required  to  bring  about  the  chemical  changes  necessary  to  reduce 
the  soUd  compoimds  of  the  fuel  to  permanent  gases  that  have  the 
power  of  combining  with  the  oxygen  of  the  air  and  thus  developing 
heat.  In  the  gasification  of  fuel  in  retorts  the  loss  of  heat  units  is 
even  greater  than  in  the  gas  producer. 

The  gas  producer  differs  from  a  conmion  furnace  in  that  less  oxygen 
is  admitted  to  the  combustion  chamber  and  the  fuel  bed  is  thicker. 
In  an  ordinary  furnace  the  effort  is  made  to  have  the  fuel  elements 
take  up  all  of  the  oxygen  possible,  and  air  is  furnished  in  excess  of 
the  supply  needed  for  complete  combustion  in  order  that  the  energy 
of  the  fuel  may  be  converted  rapidly  into  heat.  In  the  gas  producer 
only  sufficient  oxygen  is  supplied  to  completely  satisfy  enough  of 
the  carbon  and  hydrogen  imits  of  the  fuel  to  convert  the  rest  of  it 
into  permanent  gases;  in  other  words,  in  the  gas  producer  the  com- 
bustion of  the  greater  part  of  the  fuel  is  incomplete. 

Producer  gas,  therefore,  is  obtained  by  gradually  converting 
soUd  fuel  to  the  gaseous  state  by  the  heat  given  off  from  the  complete 
combustion  of  a  part  of  the  fuel.  The  character  and  composition  of 
the  resulting  gas  is  quite  variable,  according  to  the  kind  of  fuel  and 
the  type  of  gas  producer  used. 

DESCRIPTION  OF  OAS  PBODUGEB. 

The  simplest  form  of  gas  producer  for  power-gas  generation  is  a 
vertical  cylinder  of  iron  or  masoniy,  lined  with  fire  brick,  having  a 
grate  near  the  bottom,  an  opening  in  the  top  for  charging  fuel,  a 
smaller  opening  near  the  top  for  the  outlet  of  the  gas,  and  one  near 
the  bottom  for  the  admission  of  air.    Openings  are  also  provided  at 
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various  heights  on  the  sides,  through  which  the  interior  may  be 
reached  for  poking  the  fuel  bed,  inspecting  and  cleaning  the  interior, 
making  repairs,  and  removing  ashes.  To  prevent  the  entrance  of 
air  except  through  the  proper  openings,  which  are  covered  by  gas- 
tight  doors,  the  bottom  of  the  producer  is  placed  in  a  shallow  tank  of 
water,  into  which  the  ashes  and  refuse  fall,  and  the  charging  opening 
is  generally  a  small  chamber,  guarded  by  gas-tight  doors  at  the  bottom 
and  top,  which  prevents  the  escape  of  the  gas  and  the  ingress  of  air 
while  the  producer  is  being  recharged. 

SCRUBBERS  AND  REOENBRATOR8. 

Simple  gas  producers  such  as  described  above  furnish  uncleansed 
gas,  which  contains  so  much  dust  and  other  foreign  matter  that 
it  is  unsatisfactory  for  use,  especially  in  gas  engines.  Power-gas 
producers  are  therefore  provided  with  apparatus  for  cleansing  the 
gas,  known  as  scrubbers,  through  which  the  gas  passes  after  leaving 
the  producer.  The  scrubber  in  its  simplest  form  is  a  cylindrical 
chamber  filled  with  some  porous  material  like  coke  or  shavings, 
which  is  kept  constantly  wet.  The  gas,  in  passing  through  this  wet 
material,  leaves  behind  most  of  the  solid  and  liquid  impurities  it 
contains. 

In  addition  to  the  scrubber,  many  gas  producers  have  attachments 
for  preheating  the  air  admitted  for  combustion,  so  that  it  enters  the 
fire  at  a  temperature  sufficiently  high  to  prevent  cooling  of  the  fuel. 
Such  attachments  make  use  of  the  heat  of  the  off-going  gases,  and 
are  called  regenerators. 

THEOBY  OF  GAS  FOBMATION  IN  A  GAS  PBODUCEB.* 

When  such  a  gas  producer  as  that  described  is  in  operation,  there 
is  at  the  bottom  an  inert  layer  of  ashes  to  protect  the  grate.  Above 
this  layer  is  the  part  of  the  fuel  bed  where  combustion  is  complete 
and  the  temperature  highest.  Still  higher  in  the  thick  fuel  bed  is 
a  zone  of  incandescent  carbon  or  coke  from  which  the  volatile  matter 
has  already  been  driven;  at  the  top  is  the  layer  of  fuel  most  recently 
added,  from  which  the  heavier  gases  and  volatUe  matters  are  bemg 
driven,  or  distilled,  by  the  heat  from  below. 

Clearly,  the  gas  from  the  layer  of  complete  combustion  must  pass 
up  through  the  layers  above  it ;  if  the  combustion  is  properly  regulated, 
all  of  the  carbon  of  the  fuel  in  the  lowest  layers  will  be  converted  into 
carbon  dioxide  as  expressed  by  the  chemical  equation 

Cj  +  20,  =  2C03. 
The  nitrogen  of  the  air  used  is  inert,  and  hence  is  not  taken  into  ac- 
count in  the  equation.    The  carbon  dioxide,  on  reaching  the  layer  of 

a  For  a  more  complete  discuasion  of  the  theory  of  the  formation  of  gaa  In  gaa  ivrodooers,  see  BulL  7, 
Bnreanof  Mfaiee.    19n.   £8  pp. 
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incandescent  coke,  gives  up  a  part  of  its  oxygen  to  the  hot  carbon, 
converting  each  carbon  molecule  thus  attacked  into  two  molecules  of 
carbon  monoxide;  at  the  same  time  two  molecules  of  the  carbon 
dioxide  are  reduced  to  carbon  monoxide,  according  to  the  chemical 
equation 

2CO,-hC,  =  4CO. 

As  all  of  the  combustibles  in  the  fuel  at  the  bottom  of  the  producer 
are  imited  with  oxygen,  only  the  ash  remains,  and  the  residue  of 
coke  from  the  incandescent  layer  settles  down  or  is  poked  down  to 
be  completely  gasified. 

If  the  fuel  used  in  this  way  were  charcoal  or  coke — ^that  is,  pure 
carbon  and  ash — the  producer  gas  would  be  a  mixture  of  carbon 
monoxide  and  nitrogen,  the  simplest  form  of  producer  gas  obtainable. 
The  high  price  of  the  purer  carbonaceous  fuels  has  led  to  the  use  of 
other  fuels  to  furnish  the  carbon,  and  to  the  use  of  steam,  an  oxygen 
and  hydrogen  compound,  to  supply  part  of  the  oxygen  needed  in 
the  gas  producer.  The  gas  resulting  from  the  decomposition  of  the 
steam  by  the  incandescent  carbon  is  a  mixture  of  carbon  monoxide, 
hydrogen,  and  nitrogen,  as  shown  by  the  following  equation: 

C,  +  H,0+C0,+a;N«3C0  +  H,+«N. 

The  nitrogen  is  merely  a  diluent,  and  the  quantity  in  the  gas 
depends  upon  the  quantity  of  air  used  in  proportion  to  that  of  steam. 

The  decomposition  of  the  steam,  however,  requires  much  heat, 
and  if  too  much  steam  is  used  the  temperature  is  soon  lowered  below 
that  at  which  the  decomposition  will  go  on.  It  is  therefore  necessary 
to  keep  the  quantity  of  steam  introduced  small  in  proportion  to  the 
quantity  of  air  used,  or  to  turn  the  steam  intermittently  into  the 
producer.  It  is  evident  that  the  gas  thus  generated  is  identical  with 
water  gas,  except  for  the  nitrogen  present. 

TYPES   OF  GAS  PBODUCEBS. 

The  form  of  producer  in  most  general  use  for  generating  gas  for 
the  development  of  power,  especially  in  gas  engines,  is  that  supplying 
gas  directly  to  the  engine,  which  draws  the  air  and  steam  through 
the  fuel  bed  by  means  of  the  suction  stroke  of  the  piston.  The 
suction  producer,  as  it  is  termed,  has  been  largely  restricted  to  the 
use  of  anthracite,  coke,  charcoal,  and  other  fuels  containing  a  low 
percentage  of  tarry  compounds.  TVhen  bituminous  fuels  are  used 
these  tarry  compoimds  are  likely  to  be  carried  ovar  with  the  fixed 
gases  into  the  engine  and,  condensing  there,  clog  the  valves,  pipes, 
and  other  working  parts,  despite  scrubbing  apparatus.  Recent 
improvements  in  methods  of  scrubbing,  however,  have  so  modified 
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the  older  practice  as  to  make  the  use  of  fuels  rich  in  volatiles  com- 
paratively free  from  such  accidents^  and  their  use  in  the  suction 
type  of  producer  is  increasing. 

The  pressiu*e  gas  producer  is  so  designed  that  the  air  and  steam 
necessary  to  develop  the  gas  are  forced  iato  the  fuel  bed  imder  enough 
pressure  to  drive  the  gases  generated  through  the  fuel  bed  and 
scrubbing  apparatus  into  a  gas  holder.  The  gas  is  thus  generated 
independently  of  the  piston  stroke  of  the  engine,  and  may  be 
thoroughly  cleansed  of  tars  and  ash  before  it  is  used.  For  this 
reason  the  pressure  type  of  gas  producer  is  well  fitted  for  using 
bituminous  coal;  lignite,  and  peat.  This  type  of  producer  was 
first  used  in  this  coimtry  to  generate  gas  for  fuel  in  connection 
with  metalliu*gical  operations,  and  later  was  adapted  to  the  needs 
of  large  power  plants,  anthracite  being  imtil  recently  the  fuel  chiefly 
used.  The  down-draft  or  inverted-draft  gas  producer,  in  whidi 
the  heavier  products  of  distillation  are  all  decomposed  and  changed 
iato  simple  permanent  gases,  constitutes  a  third  type  and  seems  to 
be  the  one  most  successfully  used  in  Europe  for  peat  gasification. 
In  power-gas  producers  of  this  type  the  heated  gases,  rich  in  vapor- 
ized hydrocarbons,  tars,  and  heavy  gases,  are  drawn  by  exhaust 
fans  from  the  top  of  the  producer,  where  they  accumulate  above  the 
freshly  added  fuel,  down  through  the  fuel  bed.  In  the  fuel  bed, 
by  contact  with  the  heated  carbon,  they  are  converted  into  carbon 
monoxide  and  hydrogen,  which,  after  cleansing,  can  be  either  stored 
in  receivers  or  used  in  engines. 

The  use  of  air-dried  peat  in  the  down-draft  gas  producer  brought 
out  the  fact  that  the  variable  water  content  of  the  fuel  made  dif- 
ficult the  keeping  of  the  fire  in  the  proper  place  at  the  top  of  the  fuel 
bed.  This  trouble  has  been  obviated  by  the  construction  of  the 
double-zone  gas  producer,  in  which  fires  are  maintained  at  both  the 
top  and  the  bottom  of  the  fuel  bed,  and  the  air  blast  is  turned  in  at 
the  top  or  the  bottom  as  conditions  require.  The  gas  outlet  is  in 
the  side  of  the  generator,  the  gas  produced  being  withdrawn  from 
between  the  two  combustion  zones. 

USB  OP  PEAT  IN  GAS  PBODUOEES   IN   EUROPE. 

The  commercial  use  of  peat  in  gas  producers  as  a  source  of  both 
fuel  and  power  gas  seems  to  be  successful  in  Germany  and  Sweden, 
fuel  gas  made  from  peat  having  for  many  years  been  in  use  in  metal- 
lurgical operations,  in  brick  and  glass  making,  and  in  lime  burning. 

Gas  producers  for  making  power  gas  from  peat  are  now  advertised 
by  several  manufacturers  of  gas  engines  in  Europe,  and,  as  has  been 
previously  noted,  there  seems  to  be  no  reasonable  doubt  that  such 
producers  are  in  successful  commercial  operation  in  the  countries 
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mentioned.  New  plants  for  utilizing  this  fuel  are  annually  added 
to  those  already  at  work,  and  in  1910  it  was  reported  that  laige 
electric  power  plants  using  peat  for  fuel  in  gas  producers  were  run- 
ning in  Sweden,  Germany,  Italy,  and  England.^ 

FBODUCEB  OAS   COICPABED  WITH  OTHEB   COMMERCIAL  OASES. 

Producer  gas,  as  shown  by  the  following  table,  is  poor  in  the  com- 
pounds giving  illumination  and  comparatively  rich  in  the  inert  gases, 
carbon  dioxide  and  nitrogen.  The  presence  of  these  diluents  seems 
unavoidable,  and  reduces  materially  the  number  of  heat  units  per 
cubic  foot  of  the  mixed  gases. 

Compontion  and  heating  vahie  of  commercial  gaees. 


Character  of  gas. 


Natural  gaaC  Pittsburgh) 

Oil  gas 

Coalillumiiiatixig  gas. . . 

Cokeoveo  gas 

Carbureted  water  gas. . . 

Water  gas 

Producer  gas  fjrom— 

Anthracite  coal 

Coke 

Bituminous  coal 

Do 

Lignite 

Florida  peat 

Massachusetts  peat. 
North  Carolina  peat. 

Swedish  peat 

Do 

Blast-furnace  gas 


Hi. 


3.0 
32.0 
46.0 
50.0 
40.0 
48.0 

20.0 
11.1 

15.6 


15.0 
15.4 
18.5 
13.9 
10.19 

8.5 
6.3 

1.0 


CH^. 


92.0 
48.0 
40.0 
36.0 
25.0 
2.0 


.2 
1.9 

2.2 
2.6 
2.2 
2.1 
.4 

4.4 

5.6 


CtH4. 


3.0 
16.5 
5.0 
4.0 
8.5 


.1 
.4 

.5 
.4 
.4 


06 

5 
9 


N,. 


2.0 
3.0 
2.0 
2.0 
4.0 
5.5 

40.5 
57.5 

52.0 


53.2 
51.8 
45.5 
51.0 
60.8 

53.7 
57.6 

60.0 


CO. 


6.0 

6.0 

19.0 

38.0 

25.0 
21.9 

20.9 


19.2 
18.8 
21.0 
22.5 
16.9 

26.0 
10.0 

27.5 


O,. 


.5 
.5 
.5 
.5 
.5 

.5 


.0 


COi. 


.5 
1.5 
3.0 
6.0 

5.0 
9.2 

9.2 


9.9 
10.8 
12.4 
10.5 

lao 

6.9 
9.7 

11.5 


B.tu. 

percu. 

foot. 


978.0 
846.0 
646.0 
603.0 
575.0 
205.0 

144.0 
120.6 

156.1 


151.0 
154.8 
175.2 
166.1 
109.7 


Authority. 


Wyer,  S.  S.,  Treatise  on 
producer  gas  and  gas 
producers,  p.  50. 


U.  8.  O.  S.   BuU.  332, 

p.  289. 
U.  S.  G.  S.  Bull.  332, 

p.  452,  average  24-day 

endurance  test. 
U.  S.  G.  S.  Bull.  332, 

p.  28,  average  47  teats. 
U.  S.  O.  8.  BuU.  332, 

p.  28,  average  7  tests. 
U.  8.  G.  8.  Bull.  322, 

p.  28, 1  test. 
U.  8.  G.  8.  Bull.  200, 

p.  133.1  test. 
1  bCst  dowU'-draft  pn>- 

ducer,  U.  8.  G.  S., 

Pittsburgh  plant. 
Kerr,  W.  A.,  Peat  and 

its  products. 
Nystrom,  E.,  Peat  and 

lignite,  p.  222,  aver- 
age 10  tests. 
Wyer.  8. 8.,  Treatise  on 

producer  gas  and  gas 

producers. 


The  value  of  these  gases,  when  their  energy  is  converted  into 
power  by  means  of  properly  designed  and  constructed  gas  engines/ 
is  not  decreased  in  direct  proportion  to  the  decrease  in  the  number 
of  heat  units,  as  would  seem  to  be  the  case  on  inspection.  Indeed, 
it  was  proven  some  years  ago  by  the  researches  of  Lencaushez  and 
others  that  when  used  in  correctly  designed  engines  a  very  poor  gas 
was  nearly  as  efficient  as  a  much  richer  one,  the  chief  difference 
being  that  larger  engines  were  required  to  develop  the  same  horse- 
power with  poor  gas  than  wit;h  rich  gas.    Thus  it  is  stated^  that 


a  8ee  also  Bull.  4,  Bureau  of  Mines.    1910.   27  pp. 
ft  KeiT,  W.  A.,  Peat  and  its  products,  1906,  p.  74. 
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a  certain  engine  using  ordinary  coal  or  illuminating  gas  developed 
80  horsepower,  and  with  blast-furnace  gas  67  horsepower,  a  differ- 
ence of  16  per  cent  only,  whereas  the  calorific  values  of  the  gases 
were  about  600  British  thermal  units  and  120  British  thermal  units, 
respectively,  to  the  cubic  foot,  or  a  ratio  of  6  to  1.  Wyer  *  also 
points  out  Hxe  same  fact,  oh  the  authority  of  one  of  the  large  manu- 
facturers of  gas  engines.  He  states  tJiat  ''an  engine  that  wHl 
develop  100  horsepower  with  natural  gas  will  give  only  about 
80  horsepower  with  producer  gas,  a  loss  of  20  per  cent.  With  a 
200-hor3epower  engine  this  loss  will  be  about  15  per  cent,  and  with 
sizes  above  300  horsepower  it  would  be  about  10  per  cent."  He  does 
not  point  out,  however,  that  the  calorific  value  of  natural  gas  is  978 
British  thermal  units  per  cubic  foot  and  of  producer  gas  from  anthra- 
cite coal  only  144  British  thermal  units  per  cubic  foot,  according  to 
figures  cited  by  him,  or  about  one-seventh  as  great.  Thus  the  loss 
in  power  is  not  at  all  coiomensurate  with  the  relative  heating  values 
of  the  two  kinds  of  gas,  the  poor  gas  being  much  more  efficient  than 
the  rich  one,  even  ui  an  engioe  designed  for  using  the  better  gas. 

The  principle  brought  out  by  these  statements  has  been  found  to 
be  of  such  general  application  that  gas  engineers  confidently  predict 
that  the  power  gas  of  the  near  future  ¥all  be  producer  gas  having 
a  heat  value  of  about  100  British  thermal  units  per  cubic  foot.  The 
development  of  the  power  necessary  for  operating  the  great  steel- 
making  and  manufacturing  plant  at  Gary,  Ind.,  by  means  of  gas 
engines  using  blast-furnace  gas  entirely,  shows  how  certain  is  the 
trend  in  the  direction  of  the  use  of  gases  of  low  thermal  efficiency. 

Producer  gas  was  generated  from  many  kinds  of  low-grade  and 
refuse  coals  at  the  fuel-testing  plants  of  the  United  States  Geological 
Survey  at  St.  Louis,^  Norfolk,  and  Pittsburgh,  and  in  the  reports  *  of 
the  operations  of  these  plants  will  be  found  full  accounts  of  the  work 
done  and  the  impressive  and  valuable  results  obtained. 

VOLUME  OF  PEODUCER  GAS  OBTAINED  FROM  PEAT. 

The  quantity  of  producer  gas  to  be  obtained  from  peat  is  large, 
and  depends,  as  has  been  stated,  on  the  quaUty  of  the  peat  and  the 
form  of  the  producer.  Thus,  Kerr,<^  quoting  from  R.  Aakermann, 
states  that  in  Sweden  the  quantity  of  gas  generated  from  100  kilo- 
grams (220.4  pounds)  of  peat  was  252  cubic  meters  (8,900  cubic  feet), 
or  about  80,000  cubic  feet  per  ton  of  2,000  pounds.  The  composition 
of  this  gas  is  given  in  the  preceding  table.     Nystrom,^  on  the  other 

a  Wyer,  8. 8.,  Prodooer  gas  and  gas  prodooers,  2d  ed.,  1907,  p.  229. 

b  U.  8.  QeoL  Survey  Bulls.  Nos.  290  and  332;  Prof.  Paper  No.  48.  See  also  Bulls.  Nos.  7, 9.  and  13, 
Bureau  of  Mines. 

e  Kerr,  W.  A.,  Peat  and  its  products,  p.  84. 

'Nystrom,  B.,  Peat  and  lignite;  fhelr  manulacture  and  use  in  Europe:  Canada  Department  of  Mines 
liinsB  Biansh,  1906,  p.  227. 
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handy  states  that  48^000  cubic  feet  of  gas  were  obtained  per  ton  of 
water-free  peat  substance,  the  gas  having  a  calorific  value  of  152 
British  thermal  units  per  cubic  foot.  Ryan  ^  reports  that  100  cubic 
yards  of  gas,  with  a  calorific  value  of  160  British  thermal  units  per 
cubic  foot,  were  yielded  by  100  pounds  of  peat  containing  26  per 
cent  of  water,  or  54,000  cubic  feet  per  short  ton,  in  a  Koerting  suction 
gas  producer,  and  that  a  Ziegler  pressure  gas  producer  is  capable  of 
affording  180  cubic  yards  of  producer  gas,  having  a  calorific  value  of 
135  British  thermal  units  per  cubic  foot,  from  100  pounds  of  average 
peat,  or  97,200  cubic  feet  per  ton.  These  figures  are  incorporated  in 
the  following  table  for  purposes  of  reference: 

Yield  and  calorific  value  of  producer  gas  per  ton  of  peat. 


Ifake  and  type  of  gas 
producer. 

Source  of  peat. 

Yield  of 
producer 

gasper 
shwtton 

of  peat. 

Calorific 

▼aluejper 

cubic 

foot  of 

gas. 

Feroentageof 

water  In  peat 
used. 

Authority. 

Mond 

Italy 

OubkfetL 
48,000 
64,000 
80,000 
80,000 
97,200 
72,400 

76,600 

152.0 
15a  0 

Water  free 

26  per  cent — 

Nystrom. 

KoertinK  suction 

*'*fl"T'^any, . 

Ryan. 

Do 

Sweden.'. 

Kerr. 

liond 

Kntrland ,   , 

145.0 
135.0 
109.7 

175.2 

Water  free 

Nystram. 

Ziegler  prassure 

Oflmiftny 

Ryan. 

Loomls- P  e  1 1  i  b  0  n  e 

down-draft 
Taylor  pressure  No.  7 . . . 

North  Carolina.... 
Florida 

Water  free.... 
do 

U.  8.  QeoL  Survey. 
Do. 

CALORIPIO  VALUE  OP  PRODUCER  GAS. 

The  calorific  value  of  producer  gas  derived  from  peat  is  approxi- 
mately the  same  as  that  from  coaL  Nystrom  ^  reports  the  follow- 
ing results  of  a  number  of  carefully  conducted  tests  made  in  different 
parts  of  Europe  to  find  the  calorific  value  per  cubic  foot  of  plx>duc6r 
gas  obtained  from  peat: 

Calorific  value  of  producer  gas  derived  from  European  peat. 


1 

Hake  of  gas  producer. 

Ixxsality. 

Calorific 

value  per 

cubic  foot 

of  gas. 

KOWtlPg.   r   - 

Skabersjo,  Sweden 

Nymphenburg,    Ger- 
many. 

Stoclrton,  Bnfiiand 

Winnington,  England. 

B.  t.  V, 
132 
114 

145 
162 

Producer  specially  designed  for  peat. 
Average  of  10  analyses;    prodnoer 

built  for  using  peat. 
Producer  built  for  nsing  soft  ooal. 
Do. 

Ldther. « 

Hood  •■•... 

Do 

In  the  United  States,  records  of  only  a  small  number  of  experiments 
with  peat  in  gas  producers  are  available,  and  seemingly  very  few 
such  tests  have  been  made.    The  two  experimental  runs  made  ia 


a  Ryan,  Hu^,  Reports  upon  the  Uah  peat  industries,  PU  U:  Boon.  Proo.  Roy.  See.,  Dotitiii» 
pt.  13,  pp.  524^20. 
b  Op.  cit. 
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1905  and  1906  at  the  fudrtesting  plant  of  the  United  States  Qeo- 
logical  Survey  at  St.  Louis,  Mo.,  are  of  importance  and  interest  not 
only  because  they  wepe  probably  the  first  trials  in  this  country  of 
peat  in  a  gas  producer,  but  because  they  were  made  in  a  large  pressure 
producer  bmlt  to  use  anthracite.  Unfortunately,  in  one  of  these 
testa  the  quantity  of  peat  available  was  too  small  for  a  full  teat  run, 
so  that  the  results  obtained  must  be  considered  incomplete. 

In  the  first  of  these  tests  air-dried  machine  peat  from  near  Halifax, 
Mass.,  was  used.  The  average  calorific  value  of  the  gas  was  166 
Briti^  thermal  units  per  cubic  foot.  In  the  second  test,  of  fifty 
hours'  duration,  air-dried  machine  peat  from  near  Orlando,  Fla.,  was 
used.  The  average  calorific  value  of  the  gaa  was  175  British  thermal 
units  per  cubic  foot. 

A  third  test  was  made  in  a  down-draft  producer  designed  for 
bituminous  f ueb,  at  the  fuel-testing  plant  of  the  United  States  Geo- 
logical Survey  at  Pittsburgh,  in  January,  1909,  with  air-dried 
machine  peat  from  North  Carolina.  The  average  calorific  value  of 
the  gas  was  109.7  British  thermal  units  per  cubic  foot,  about  the 
average  value  of  the  gas  obtaiQed  from  coal  in  this  type  of  producer. 

In  order  to  show  that  these  values  are  not  matcoially  different 
from  those  of  producer  gas  developed  from  bitiuninous  coal  in  the 
same  gas  producer  and  under  the  same  test  conditions,  the  first  two 
values  may  be  compared  with  those  obtained  from  tests  with  this 
fuel  made  at  the  St.  Louis  fuel-testing  plant  during  the  same  year. 


Thermal  value  of  producer  gas  made  from  bituminous  eoaL 


B.tn. 

per  cubic 

foot. 


Indiana  (average) 147 

Kentucky 164 

lUinois 143 

Ohio 167 

Pennsylvania 142 

Viiginia 157 

North  Dakota  lignite 161 

The  calorific  value  per  cubic  foot  of  standard  gas  obtained  from 
fifty-six  producer-gas  tests  with  bitxuninous  coal,  made  from  January 
1,  1906,  to  March  1,  1907,  with  the  same  gas  producer,  were:^ 
Average,  151  British  thermal  units;  maximum,  171.6  British  thermal 
units;  minimum,  122.5  British  thermal  units.  From  these  results 
it  is  apparent  that  none  of  the  coals  gave  as  rich  a  producer  gas  as 
the  Florida  peat,  and  that  the  gas  from  the  Massachusetts  peat  was 
better  than  the  average  of  that  made  from  the  fifty-sis  samples  of 
coal  tested. 

a  U.  S.  Oeol.  Bjuyvt  Bull.  No.  832,  p.  28. 
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It  follows  from  these  comparisons  that  the  types  of  American  peat 
and  those  of  foreign  peat  here  cited  were  as  good  fuel  in  the  gas  pro- 
ducer as  the  kinds  of  coal  tested,  so  far  as  the  calorific  value  of  the  gas 
is  concerned. 

Another  significant  fact  brought  out  by  the  tests  made  by  the 
United  States  Geological  Surrey  was  that  the  single  full  test  run 
made  with  peat  as  fuel  in  the  gas  producer  gave  results  that  sur- 
passed;  in  the  horsepower  developed,  those  obtained  from  the  best 
of  the  kinds  of  coal  used  in  boiler  tests.  The  same  results  were 
obtained  in  the  shorter  run  in  which  Massachusetts  peat  was  used. 
That  is,  more  power  was  developed  from  a  ton  of  peat  converted 
into  producer  gas  and  used  in  a  gas  engine  than  a  ton  of  any  kind 
of  coal  gave  in  the  steam  engine  during  the  entire  series  of  boiler  tests 
conducted  under  standard  test  conditions. 

Although  too  much  emphasis  must  not  be  laid  on  the  results  of  a 
single  experimental  run  or  on  two  tests,  manifestly  the  value  of  peat 
as  fuel  is  greatly  increased  by  the  use  of  a  gas  producer.  In  the  two 
cases  cited,  imder  rigid  test  conditions  in  a  gas  producer  designed  for 
a  very  different  sort  of  fuel,  the  peat,  with  a  calorific  value  ratio  to 
bitimiinous  cod  of  1  : 1.8,  gave  more  power  by  being  gasified  and 
then  used  in  a  gas  engine  than  an  equal  weight  of  coal  did  by  being 
used  under  a  boiler  to  generate  steam  for  a  steam  engine. 

GAS-PBODUCER  TESTS   BY   THE   UNITED   STATES   GEOLOGICAL   SUBVET. 

The  following  is  an  account  of  the  method  of  proceaure  in  tests  of 
peat  as  a  soiu*ce  of  producer  gas  in  the  only  complete  trial  of  this  fuel 
yet  made  by  the  United  States  (Jeological  Survey.  The  account 
includes,  however,  the  results  obtained  from  both  Massachusetts  and 
Florida  samples. 

MA88ACET7SSTTS  BTO.  1. 

Peat  briquets  from  a  bog  near  Halifax,  Plymouth  County,  Mass.  They  were  fur- 
nished by  Prof.  G.  L.  Norton,  of  the  Massachusetts  Institute  of  Technology,  Boston, 
Mass.,  and  shipped  under  the  supervision  of  Mr.  J.  S.  Burrows.  The  sample  con- 
sisted of  a  smidl  amount  (less  than  5  tons)  of  peat  which  had  been  macerated  and 
pressed  into  bricks  and  then  dried,  and  it  was  impossible  to  run  a  test  of  sufficient 
length  to  eliminate  the  &ctor  of  uncertainty.  It  was  demonstrated,  however,  that  a 
satisfactory  gas  could  be  obtained  and  no  trouble  was  experienced  in  manipulating 
the  load,  but  owing  to  the  small  supply  of  peat  it  was  necessary  to  make  the  founda- 
tion of  the  fuel  bed  out  of  another  fuel — Illinois  coal.  Considering  this  fact,  and  that 
the  amoimt  of  peat  furnished  made  it  possible  to  conduct  a  test  of  only  nine  hours' 
duration,  it  is  possible  that  the  results  as  given  below  are  somewhat  erroneous.  The 
figures  are  given  for  what  they  are  worth,  as  they  furnish  an  approximate  idea  of  the 
possibilities  of  peat  fuel  in  the  gas  producer,  although  they  can  not  be  regarded  as 
official  results.  It  is  impossible  to  tell  exactly  what  portion  of  the  gae  was  due  to 
Illinois  coal  and  what  portion  to  the  peat  alone. 
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The  results  of  the  tests  of  Massachusetts  peat  were  as  follows: 

Prodiicer-giu  test — Test  97;  Jf(U9achtuett8  No.  1. 

Average  electrical  horsepower 200.0 

AveiageB.t.u.  gas  per  cubic  foot 106.6 

Total  peat  fired  (pounds) 6,480 


Per  electrical  horsepower: 

ATailable  for  outside  purposes 
Developed  at  switchboard 

Per  brake  horsepower: 

Available  for  outside  purposes 
Developed  at  engine 


Peat  consumed  in  producer  per 
horsepower  hour. 


Peat  as 
fired. 


Pound8. 

3.60 

3.20 
3.06 


Dry  peat. 


Pounds, 
1.80 
1.81 

1.61 
1.54 


Combus- 
tible. 


Pottfub. 
1.44 
1.38 

1.22 
1.17 


ANALYSES. 


Peat: 

ICoistore 49.80 

V<datile  matter 27. 27 

Fixed  carbon 10.88 

Ash 12.05 


SuJ^hnr. 


100.00 
.      .34 


Qas  by  volume: 

Carbon  dioxide  (COt) 10. 50 

Carbon  monoxide  (CO) 22. 50 

Hydrogen  (H^ 13.90 

Methane  (CJho 2. 1 0 

Nitrogen  (Ns) 51.00 

100.00 


FLORIDA  BTO.  1. 

In  connection  with  this  test  of  a  small  quantity  of  Massachusetts  peat,  it  is  deemed 
advisable  to  refer  briefly  to  a  more  elaborate  test  of  peat  bricks  obtained  from  a  bog 
located  near  Orlando,  Orange  County,  Fla.,  on  the  Seaboard  Air  Line  Railway,  and 
designated  Florida  No.  1.  The  following  notes  are  from  Bulletin  332  of  the  United 
States  Geological  Survey: 

This  sample  consisted  of  machined  peat,  made  by  a  commercial  process  and  sun 
dried,  and  was  used  in  steaming  test  386  and  producer-gas  test  117.  By  the  process 
mentioned  the  peat  first  passes  throi^h  a  condenser,  which  disintegrates  the  material 
and  destroys  the  fiber.  From  the  condenser  the  peat  is  elevated  to  a  molding  machine, 
consisting  of  a  cylinder  and  two  vertical  molding  wheels.  Through  the  cylinder 
passes  a  vertical  shaft,  to  which  are  attached  revolving  arms  set  in  a  screw  form. 
Between  these  arms  are  set  perforated  plates.  The  peat,  passing  into  the  top  of  the 
cylinder,  is  forced  down  through  the  plates  to  the  molding  wheel.  From  the  molding 
wheel  the  bricks,  which  are  8  by  4  by  2\  inches,  are  dropped  on  boards  or  paUets, 
which  are  being  continuously  pushed  under  the  machine  by  a  link-belt  carrier. 
These  pallets,  containing  6  bricks  each,  are  loaded  on  wagons  50  to  the  load,  and  are 
hauled  to  the  drying  ground,  where  the  bricks  are  allowed  to  lose  from  60  to  75  per 
cent  of  their  moisture  content.  The  i)eat  was  furnished  by  the  Orlando  Water  & 
Light  Co. 

Two  samples  were  taken  for  analysis.  Sample  3268  is  raw  peat  just  as  it  comes 
from  the  bog  and  sample  3269  is  one  of  the  bricks  as  it  came  from  the  machine  before 
delivery  to  the  drying  ground. 


154 


USES  OF  PEAT  FOB  FUEL  AKD  OTHER  PURPOSES. 


Chemical  analy9€9  of  Florida  No.  1. 


Laboratory  No. 


Alrdrylng  loss 

Proximate: 

MolstUTB , 

VoIatOe  matter 

Fixed  carbon 

Aah 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen , 

Oxygen , 

Ash 

Sulphur 

Caloriflo  value  as  received: 

Determined- 
Calories 

British  thermal  units 

Calculated  from  ultimate  analysis- 
Calories 

British  thermal  units 


Bog  samples. 


3268 


91.70 

92.41 

4.68 

2.68 

.33 

.05 


3260 


84.70 

88.40 

7.28 

3.57 

.75 

.06 


4,515 
8,127 

4,338 
7,806 


Car 
sample.o 


Steaming 
test  886.^ 


3270 


9.00 

21.00 

61.72 

22.11 

5.17 

.45 

6.51 
46.57 

2.33 
38.97 


17.21 

a.  01 

24.85 

6.03 

.49 

6.18 
57.77 

2.80 
25.20 

8.37 
.50 


a  Figured  from  sample  from  producer-gas  test  117. 

b  Proximate  analysHs  of  fUel  as  fired;  ultimste  analysis  of  dry  ftiel  figured  from  car  sample. 

In  Btartiiig  the  producer-gas  teet  (test  117)  the  fuel  bed  was  built  up  entirely  of  the 
Florida  peat  and  the  usual  preliminary  run  was  conducted  before  the  official  test 
b^;an.  The  total  amount  of  peat  consumed  in  the  producer  in  the  5(^hour  run  was 
29,250  pounds,  or  585  pounds  per  hour.  The  average  calorific  value  of  the  gas  produced 
was  175  British  thermal  units  per  cubic  foot.  During  the  entire  run  the  average 
electrical  horsepower  developed  at  the  switchboard  was  205.  The  amount  of  peat 
used  per  electrical  horsepower  per  hour  available  for  outside  purposes,  including  the 
estimated  quantity  required  for  the  generation  of  the  steam  used  in  the  operation  of 
the  producer,  was  3.16  pounds,  while  2.69  pounds  were  required  per  brake  horsepower 
hour  at  the  gas  engine,  available  for  outside  purposes. 

It  should  be  stated  that  the  peat  bricks  had  been  dried,  and  that  the  moisture 
content  of  those  used  averaged  21  per  cent.  The  gas,  as  shown  by  the  analysis,  waa 
rich  in  hydrogen  and  comparatively  low  in  nitrogen.  Following  are  the  results  of  this 
test: 

Producer-gas  teat—Tett  117;  Florida  No.  1. 

Duration  of  test  (hours) fiO 

Avera^  electrical  horsepower 20ft 

Average  British  thermal  units  per  cubic  loot  of  i:as 175. 2 

Total  fuel  fired  (pounds) 20. 250 


Peat  oonsomed  in  producer 
per  horsepower  hour. 


Peat  as 
filed. 


Per  electrical  horsepower: 

Comroerciallv  available. . . 

Developed  at  switchboard 
Per  brake  horsepower: 

Commerciany  available . . . 

Developed  at  engine 


Pounds, 
2.98 
2.85 

2.53 
2.43 


Dry 
peat. 


Poundg. 
2.35 
2.25 

2.00 
1.92 


CknnbUA- 
tible. 


Pounds. 
2.20 
2.11 

1.87 
1.79 


Equivalent  used  by  producer 
plant. 


Peat  as 
fired. 


Pound*. 
3.16 
3.08 

2.09 
2.57 


Dry 
peat. 


Poundt. 
2.50 
2.39 

2.12 
2.08 


Ck>iubiu»- 
Uble. 


PoundM. 
2.83 
2.24 

1.98 
1.90 
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ANALYSIS  OF  QAS  BY  VOLUME. 

Carbon  dioxide  (COt) 12.4 

Carbon  monoxide  (CO) 21. 0 

Hydrogen  (Ht) 18.5 

Metbane  (CHi) 2.2 

Nitrogen  (N«) 45.6 

SChylBiie  (CiHO 4 

From*these  reports  and  from  others  of  a  similar  nature,  based  upon 
much  more  extended  trials  in  Europe,  the  ideal  way  in  which  to  utilize 
peat  for  the  generation  of  power  would  appear  to  be  to  convert  it  into 
gas  in  some  of  the  types  of  gas  producers  that  have  been  adapted  to 
the  purpose  and  to  use  this  in  properly  designed  gas  engines. 

PEAT  AS  FUEL  IN  THE  GAS  PRODUGEB. 

Wet,  unprepared  peat  is  difficult  material  to  handle  in  a  gas 
producer,  first,  because  it  contains  so  much  water  that  the  tempera^ 
ture  of  a  mass  of  it  can  with  difficulty  be  Taised  high  enough  to 
generate  a  fuel  gas  without  consuming  more  fuel  than  is  warranted  by 
the  results,  and,  secondly,  because  the  raw  peat  tends  to  form  dense, 
impenetrable  layers  in  the  fuel  bed  of  the  producer,  through  which 
the  gases  generated  can  scarcely  find  their  way. 

On  these  accounts  the  feasibility  of  trying  to  use  raw  peat  in  exist- 
ing types  of  gas  producers,  except  in  a  purely  experimental  way,  ia 
doubtful.  For  elementary  experiments,  successful  gas  production 
will  be  much  more  probable  if  the  peat  is  machined,  formed  into  small 
bricks,  thoroughly  air  dried,  crushed  into  pieces  with  an  average 
diameter  of  1  inch,  and  then  used  in  a  down-draft  or  pressure  gas 
producer,  although  a  suction  producer  with  centrifugal  tar  extractor 
might  be  successfully  used.  It  does  not  seem  to  be  essential  to  have 
the  pieces  of  regular  form,  nor  is  it  desirable  to  have  them  more 
than  an  inch  or  two  in  largest  dimension.  Experience  shows  that 
if  the  pieces  are  too  large  the  gas  passes  through  the  fuel  bed  too 
rapidly  for  the  carbon  dioxide  to  be  decomposed;  but  with  usual 
forms  of  gas  producers  very  unsatisfactory  results  wiQ  be  obtained 
by  using  the  peat  in  a  powdery  condition. 

There  seems  little  doubt  that  some  of  the  heat  of  the  off-going  gas 
can  be  utilized  for  drying  the  peat,  and  also  that  peat  with  a  higher 
percentage  of  water  than  the  air-dry  state  may  be  successfully  used 
in  gas  producers  of  the  t3rpe  in  which  an  excess  of  steam  under  pres- 
sure is  used,  such  as  the  Mond  producers  of  the  Power-Gas  Corpora- 
tion (Ltd.),  of  Stockton-on-Tees,  England.  This  company  announces 
that  peat  containing  60  to  70  per  cent  water  can  be  utilized  by  their 
process,  and  that  there  are  three  large  installations  ab*eady  in 
operation,  one  in  England,  one  in  Italy,  and  one  in  Germany.  The 
Mond  gas  producer  has  been  modified  by  Frank  &  Caro,  and  by  them 
it  is  claimed  that  peat  with  40  to  60  per  cent  water  may  be  used  for 
fueL 
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The  use  of  the  heat  of  the  producer  gas  to  partially  dry  the  peat, 
although  possible^  must  be  carried  on  in  such  a  way  that  the 
process  is  automatic  and  continuous,  and  that  the  water  driven  off 
does  not  accumulate  in  imdesirable  places.  Many  suggestions  and 
designs  of  machinery  for  this  purpose  have  been  made,  but  the  present 
European  practice  seems  to  be  to  adhere  to  the  use  of  crushed  air- 
dried  machine  peat. 

The  gas  from  peat  gasified  in  ordinary  gas  producers  contains  much 
tar  which  should  be  removed  in  a  tower  scrubber  with  a  spray  of 
water,  or  in  some  of  the  more  recently  perfected  types  of  scrubbers^ 
because  coke  and  other  porous  material  used  in  ordinary  scrubbers 
soon  become  saturated.  The  tar  may  all  be  decomposed,  however, 
by  using  a  down-draft  producer,  or  as  in  the  Koerting  gas  producer, 
by  drawing  the  gases  off  at  the  top  and  conducting  them  by  a  special 
pipe  to  the  zone  of  complete  combustion,  and  thence  up  through  the 
fuel  bed.  In  such  a  producer  the  outlet  for  the  producer  gas  is 
placed  in  the  side  of  the  producer  at  about  the  top  of  the  incandescent 
layer. 

COST   OF   GAS-PRODUCER   POWER   PLANTS. 

For  the  following  carefully  prepared  tables  of  cost  of  gas  producers, 
producer-gas  engines,  and  complete  gas-producer  power  plants,  the 
writer  is  indebted  to  R.  H.  Femald,  engineer  of  the  Bureau  of  Mines, 
who  had  charge  of  the  producer-gas  investigations  of  the  United 
States  Geological  Survey. 

The  following  table  gives  the  approximate  price  of  suction,  pres- 
sure, and  down-draft  gas  producers  of  from  20  to  2,000  horsepower, 

Approximate  cost  ofsuctiorif  pressure,  and  down-draft  gas  prodiuxrs  of  20  to  tfiOO  horse" 

power. 


Horse- 
power. 

Cost  of  en- 
gine and 
auxiliaries 
f.  0.  b. 

i 

Cost  of 
erection. 

Foundation. 

Total  cost 
erected. 

< 

Cost  per  horseiMwer.    ! 

Cublo 
feet. 

Cost. 

F.o.b. 

Total. 

20 
23 
25 

1 

1923 
1,060 

$46.23 
42L0O 

$650 
800 
1,000 
1,360 
1,100 
1,300 
1,500 
1,650 

126.00 
22L80 
2a  00 

1            35 

1             50 

1 

60 

i 

22.70 
18.35 
17.35 
15.00 
15.00 

1 

60 
75 

1150 

50 

$15              l,2t>5 

iL'io"  1 

100 
110 
110 
150 
160 
2Q0 
2Q0 
250 
300 
500 
1,000 

1 

1 

1,900 

17.80 

1,850 



400 

120 

3,300 

20.60 

2,450 
2,500 
3,000 
4,300 
9,500 
18,300 
23,066 

12.26 
12.50 
12L00 
14w35 
19.00 
18.30 
1L50 

••••«•••»••• 

960 

150 

5,410 

18.00 

3,100 
3,700 

2,000 

2,140 

555 

27,821 

13.66 
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The  prices  above  are  from  quotations  from  various  manufacturers, 
as  is  also  true  of  the  prices  for  the  producer-gas  engines  below.  It 
should  be  remembered  that  the  cost  of  producer-gas  engines  is  greater 
per  rated  power  than  the  cost  of  engines  of  the  same  rating  for  natural 
or  artificial  gas. 

Cost  of  producer-gas  engines  of  20  to  2,000  horsepower. 


Hone- 
power. 

Cost  of  en- 

gineand 

auxiliaries 

f.  0.  b. 

Cost  of 
erection. 

Foundation. 

Total  cost 
erected. 

Cost  per  horsepower. 

Cubic 
feet. 

Cost. 

F.  0.  b. 

« 

Erected, 
excluding 
founda- 
tion. 

Erected, 
Including 
founda- 
tion. 

20 

55 

60 

60 

75 

80 

80 

80 

80 

85 

85 

100 

110 

110 

112 

130 

135 

160 

160 

250 

400 

400 

600 

1,000 

2,000 

11,100 

$50 

11,150 
2,400 

$55.00 

$43.70 

2,800 
2,900 
3,610 

350 

105 
150 
150 

46.70 
48.40 
4&10 

1175 

375 

3,935 
3,300 

$5a50 

52.40 
41.20 

3,400 

3,250 

3,830 

4,150 

3,550 

4,925 

4,950 

4,960 

4,200 

5,250 

6,600 

5,600 

6,100 

6,650 

12,000 

12,800 

17,400 

33,750 

64,850 

42.50 
4a  70 
47.90 
48.90 
41.80 
49.25 
45.00 
45.10 
37.50 
4a  40 
48.80 
86.00 
38.10 
26.60 
3a  00 
32.00 
29.00 
33.75 

225 

150 
150 

2,000 
2,160 

520 
560 

6,770 
7,360 

30.00 
27.20 

42.30 
29.40 

300 
875 

34.00 

5,400 

1,400 

67,125 

32.43 

32.86 

33.56 

Webtbtofproducer  gas-engines  per  horsepower:  Average,  300  pounds;  maximum,  425  pounds;  minimum 
134  pounds. 

Cost  per  horsepower  of  producer-gas  installations. 


Horse- 
power. 

Cost  of  gas  producer 
andenglne. 

Cost  of  complete 
plant. 

Erected, 
excluding 
founda- 
tions. 

Erected, 
Including 
founda- 
tions. 

Excluding 
buildings-o 

Including 
buildings. 

20 
25 

$106.00 
62.50 

$106.30 

60             60.50 

74w00 

75 

80 

110 

110 

125 

250 

500 

1,000 

2,000 

2,800 

4,000 

4,000 

4,800 

4,800 

5,500 

86.50 
62.00 
6a  50 
62.50 
9a  00 
65.00 

::::::::::::::::::::::: 

68.00 

$ioaoo 

79.00 

68.00 

$93.00 

55.50 
46.00 

69.50 
56.50 

79.50 
63.30 
76.00 
09.00 
77.50 
72LO0 
79.50 
7a  00 

47.50 

a  Inchides  producer,  engine,  electric  geoerator,  and  aiudllaries,  all  erected  with  suitable  fomdaticini. 
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From  the  above  it  will  be  seen  that  the  cost  of  a  complete  installa- 
tion, with  gas  producers  and  producer-gas  engines,  is  still  somewhat 
more  per  horsepower  than  with  boilera  and  steam  engines,  but  seem- 
ingly the  differences  are  decreasing.  On  the  other  hand,  the  cost  of 
operating  and  maintaining  a  producer-gas  plant  is  considerably  less 
than  for  the  steam  plant  of  the  same  capacity,  because  the  efficiency 
of  the  fuel  is  greater  in  the  former.  Less  fuel  and  the  ability  to  use 
the  cheapest  grades  reduce  the  fuel  biUs,  and  labor  charges  are  lower 
because  less  firing  is  needed,  so  that  operating  expenses  may  be 
decreased  about  50  per  cent.'^ 

The  chief  matter  of  concern  now  is  so  to  modify  the  types  of  gas 
producers  used  in  this  country  that  peat  may  be  burned  in  them  as 
successfully  as  in  those  used  in  Europe;  the  process  of  making  pro- 
ducer gas  is  old  and  established,  and  engines  for  using  the  gas  are 
already  developed  to  a  high  state  of  efficiency  and  reUabihty. 

BY-PRODUCT  GAS  PBODUGEBS. 

In  Europe,  where  conservation  and  efficient  utihzation  of  natural 
resources  have  been  practiced  for  many  years,  attention  has  been 
turned  to  the  recovery  of  commercially  valuable  substances  from  the 
gases  generated  in  gas  producers  and  other  apparatus  for  gasifying 
fuel  without  impairing  the  heat  value  of  the  gas,  or  of  the  other  chief 
product  of  the  distillation — ^for  example,  coke — ^if  gas  is  not  sought. 
Such  secondary  products  are  called  by-products,  and  their  recovery 
in  charcoal,  coke-making,  or  producer-gas  plants  may  be  of  sufficient 
commercial  importance  to  warrant  the  building  of  expensive  equip- 
ment. The  by-products  obtained  and  obtainable  depend  upon  the 
composition  of  the  fuel  distilled  and  the  processes  used  to  make  the 
primary  product,  as  well  as  upon  the  temperature  at  which  gasification 
is  carried  on. 

In  general,  it  may  be  said  that  only  three  systems  of  by-product 
gas  producers  have  been  tried  in  Europe,  two  of  which  are  still  experi- 
mental. The  Mond  by-product  gas  producer  for  using  bituminous 
coal  is  the  oldest  of  these.  This  is  designed  to  recover  as  ammonium 
sulphate  a  maximum  proportion  of  the  combined  nitrogen  in  the  fuel 
used.  Ammonium  sulphate,  which  finds  a  ready  market  for  agri- 
cultural use  is  recovered  in  the  producer  by  using  large  quantities  of 
steam  to  keep  the  fuel  at  the  lowest  temperature  at  which  the  fuel 
gases  can  be  given  off.  The  ammonia  was  formerly  made  to  imite 
with  sulphuric  acid  in  a  special  scrubbing  tower,  through  which  the 
gases  from  the  gas  producers  were  drawn  by  exhaust  fans.  The  sul- 
phuric acid  towers  have  been  entirely  eliminated  in  the  latest  form  of 
plant  for  recovering  ammonia  from  Mond  gas  producers.    The  gas  on 

oBuU.  9,  Bureau  of  Mines,  p.  467. 
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leaying  the  producer  is  cooled  somewhat  by  passing  through  a  tubular 
regenerator  into  a  rectangular  washing  chamber.  There  it  is  washed 
with  water  in  the  form  of  a  fine  spray  and  freed  from  dust  and  part 
of  the  contained  tar.  The  cleansed  gas  then  flows  through  an  appa- 
ratus in  which  the  ammonia  in  the  gas  combines  with  sulphuric  acid  to 
form  ammonium  sulphate;  this,  in  dilute  solution,  is  withdrawn 
periodically. 

This  form  of  gas  producer  is  said  to  be  successful  for  large  plants, 
and  is  in  operation  in  many  places  in  England  and  in  one  (Wyandotte, 
Mich.)  in  the  United  States.  The  other  two  by-product  gas  producers 
are  the  2iiegler  and  the  Frank-Caro,  both  designed  for  using  peat. 
The  Ziegler  gas  producer  recovers  other  substances  besides  ammonium 
sulphate,  whereas  the  Frank-Caro  gas  producer  is  reported  to  be  an 
adaptation  of  the  principle  of  the  Mond  gas  producer  for  using  peat 
with  a  relatively  high  percentage  of  water,  40  to  60  per  cent  being 
allowable. 

In  the  case  of  the  Mond  gas  producer,  large  installations,  at  least 
2,000  horsepower,  are  required  to  make  economically  possible  the 
operation  of  the  special  peat  gas  producers  for  the  recovery  of  am- 
monia, and  plants  developing  1,000  horsepower  or  more  are  men- 
tioned as  necessary  to  make  the  Frank-Caro  process  of  ammonia 
recovery  a  commercial  success.  Therefore  it  seems  probable  that,  as 
at  present  understood,  the  peat  gas  producer  for  ordinary  power 
plants  does  not  yield  enough  salable  by-products  to  make  their  re- 
covery in  a  special  plant  feasible,  although  the  peat  may  run  high  in 
combined  nitrogen.  But  small  gas  producers  for  using  peat  fuel  are 
entirely  practicable  if  no  attempt  is  made  to  recover  by-products 
from  the  gas. 

FlfiAT    BBQUIBED    FOB    FBODUCINa    A    XTSTT    OF    POWER    IN    THE    GAS 

FRODUCEB. 

The  available  records  of  experiments  with  peat  in  gas  producers 
and  of  authentic  statements  of  commercial  operations  show  that  it 
requires  from  2  to  3  pounds  of  dry  peat  to  develop  an  electrical  horse- 
power per  hour,  the  exact  quantity  being  dependent,  among  other 
things,  upon  the  type  of  gas  producer,  the  efficiency  of  the  producer- 
gas  engine,  and  the  quality  and  amount  of  moisture  and  ash  in  the 
peat  used. 

In  one  test  run,  the  details  of  which  are  not  available  for  publica- 
tion, the  peat  as  put  into  the  gas  producer  contained  27.8  per  cent 
ash  and  13.9  per  cent  moisture,  yet  only  4.11  pounds  were  consumed 
per  hour  for  each  commercially  available  electrical  horsepower,  or  3.5 
pounds  estimated  as  dry  fuel.  Stated  in  another  way,  2  tons  of  air- 
dried  machine  peat  of  a  grade  too  high  in  ash  to  be  considered  within 
the  limits  of  ordinary  conunercial  use  for  boiler  fuel  would  run  a 
eei"*— BuU.  1^11 — ^ix 
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100-horsepower  plant  for  one  10-hour  day,  if  the  gas  produced  were 
used  m  a  gas  engine  designed  for  this  kind  of  gas.  It  may  be  sidd 
that  the  experiment  cited  was  conducted  under  rigid  test  conditions, 
and  although,  because  of  probable  and  uncertain  impoverishment  of 
the  gas  through  leakage,  the  details  of  the  run  can  not  be  published, 
the  figures  quoted  may  be  taken  as  the  maximum  for  this  type  of 
producer  and  fuel. 

Um^IZATION   OF  PRODUCES  GAS   FROM   FEAT. 

Mention  has  been  made  of  the  use  in  Eiux)pean  coimtries  of  pro- 
ducer gas  as  a  fuel  in  certain  industries.  The  energy  of  the  peat  may 
be  economically  and  satisfactorily  utiUzed  as  gas  by  using  the  proper 
forms  of  burners  for  firing  *  steam  boilers,  ceramic  kilns  (brick,  tile 
pottery,  etc.),  lime  and  cement  kilns,  metallurgical  furnaces  (forges, 
foundries,  steel  and  ore  roasters),  and  muflle  and  glass  furnaces. 

Peat  fuel  properly  prepared  is  especially  valuable  for  metallurgical 
work  of  all  sorts,  because  it  contains  less  sulphiu*  than  coal  or  coke. 
The  same  may  be  said  of  the  gas  derived  from  peat.  However,  beds 
of  peat  that  have  been  subjected  to  the  action  of  salt  or  brackish 
water,  or  to  certain  kinds  of  spring  water,  are  exceptions  to  the 
general  rule.  These  may  have  as  much  sulphur  as  many  kinds  of 
coal,  and  at  least  a  part  of  the  sulphur  will  appear  in  producer  gas 
generated  from  such  peat. 

Gas  producers  for  fuel  gas  are  usually  of  the  pressure  type.  The 
special  use  for  which  the  gas  is  required  should  determine  the  form 
of  the  producer  and  the  kind  of  scrubbing  apparatus  employed.  The 
form  of  the  producer  and  the  scrubber  must  also  be  adapted  to  meet 
the  pecuUarities  of  peat  if  this  substance  is  to  be  used  for  making 
fuel  gas.  In  some  cases  where  producer  gas  is  required  as  fuel,  no 
cleansing  would  be  required,  but  the  gas  would  be  conducted  directly 
from  the  producer  to  the  burners.  The  form  of  the  furnaces  or  kilns 
in  which  the  use  of  peat  gas  is  proposed  and  the  manner  of  firing  them 
will  have  to  be  adapted  to  the  requirements  of  the  product  and  of  a 
gaseous  fuel.  Moreover,  workmen  must  be  trained  specially  in  order 
to  get  the  best  practical  results. 

In  general,  it  may  be  said  that  the  attempt  to  develop  plants  for 
utilizing  gas  for  fuel  should  be  left  to  trained  experts  in  gas  engineer- 
ing and  to  concerns  with  large  capital,  as  much  well-planned  and 
carefully  conducted  experimental  work  will  usually  be  needed  before 
anything  Uke  the  theoretical  efficiency  is  obtained  in  actual  practice 
from  such  processes  and  the  plants  using  them.  It  should  be  said, 
however,  that  all  or  nearly  all  of  the  uses  suggested  as  possible  for 
producer  gas  as  fuel  have  been  tried  on  a  commercial  scale,  and  are 

a  Wyer,  S.  E.,  Produoer  gas  and  gas  produoen,  1907,  p.  2ia 
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embodied  in  plants  now  in  operation  in  the  United  States  or  Europe. 
There  seems  to  be  no  doubt,  also,  in  Tiew  of  the  facts  already  stated, 
that  a  good  quality  of  producer  gas  can  be  cheaply  made  from  peat 
for  any  of  these  purposes,  if  properly  designed  and  well-constructed 
gas  producers  are  used  at  a  place  where  a  supply  of  peat  is  available. 

OENEBAIi  CONCIjTJSIONS  ON  PEAT  FXTEL. 

FUEL  VAIiXTB. 

The  fuel  value  of  peat  as  compared  with  that  of  coal  and  wood  for 
firing  boilers,  fiunaces,  and  stoves  has  already  been  discussed  at 
length  (pp.  52-64) .  The  facts  presented  would  seem  to  demonstrate 
that  although  plainly  inferior  to  the  best  coal  in  the  nimiber  of  heat 
units  yielded  per  poimd  consumed,  nevertheless,  if  prepared  in  the 
ways  commonly  used  in  Europe  peat  fuel  presents  so  many  desirable 
qualities,  such  as  freedom  from  smoke,  cleanliness  in  handling,  small 
ash  content,  complete  and  easily  controlled  combustion,  and  pros- 
pective low  price,  that  there  should  be  a  good  field  for  its  introduction 
for  manufacturing  and  domestic  uses  in  those  parts  of  the  United 
States  where  peat  naturally  occurs  in  abimdance. 

UTILIZATION  OF  DEPOSITS. 

There  are  many  small  bogs  in  the  peat-bearing  regions  of  the 
country  which,  although  too  small  to  warrant  the  establishment  of 
laige  plants  for  the  production  of  fuel,  could  be  utilized  to  furnish 
machine  peat  enough  for  boiler  fuel  for  a  single  small  factory  for  many 
years.  They  might  also  furnish  the  power  to  pump  water  and  gen- 
erate electricity  for  a  small  community  for  an  equal  length  of  time. 
•  The  principeJ  matter  to  be  borne  in  mind  in  preparing  to  exploit  a 
peat  deposit  in  such  a  way  is  that  the  simplest  equipment  which  has 
proved  it  can  yield  the  desired  quantity  of  usable  or  salable  fuel  is 
the  one  most  likely  to  give  satisfactory  returns  either  in  fuel  or  money. 
Every  added  process  of  treatment  beyond  that  which  is  necessary  to 
put  the  peat  into  usable  form  for  a  specific  purpose  adds  many  times 
to  the  first  cost  of  equipment  and  to  the  practical  difficulties  of  mak- 
ing a  product  that  can  be  sold  for  enough  to  pay  the  costs  of  prepa- 
ration and  of  putting  it  on  the  market  at  a  profit. 

PBODUCBB-GAS  PLANTS. 

The  present  state  of  knowledge  seems  strongly  to  indicate  that 
large  peat  deposits  can  be  most  profitably  utilized,  and  the  largest 
percentage  of  the  stored-up  energy  in  them  recovered  as  power,  by 
converting  the  peat  into  producer  gas  and  using  this  gas  in  properly 
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designed  gas  engines.  The  power  may  be  used  by  factories  oper- 
ated on  the  spot;  or  as  electric  energy  may  be  used  at  a  distance. 
Large  plants,  by  using  by-product  gas  producers  and  thus  at  least 
recovering  as  ammonium  sulphate  the  ammonia  that  is  formed  dur- 
ing the  destructive  distillation  of  the  peat,  may  be  able  from  sales  of 
the  sulphate  to  pay  a  part  of  the  expenses  of  the  whole  operation 
The  by-products  process,  however,  may  not  be  feasible  for  gas- 
producer  plants  of  small  size,  because  the  costs  of  installation,  main- 
tenance, and  supervision  are  proportionately  higher  for  small  than 
for  large  plants,  and  the  quantity  of  by-products  obtainable  from  a 
small  gas  producer  is  not  sufficient  to  keep  a  recovery  plant  in  oper- 
ation continuously. 

Even  without  any  by-products  the  use  of  producer  gas  presents  so 
many  advantages  that  wherever  peat  beds  are  to  be  used  as  sources 
of  fuel  for  power  installations  of  more  than  100  horsepower,  the 
possibilities  of  a  producer-gas  plant  should  be  given  serious  con- 
sideration. 

The  producer^as  plant  may  also  be  readily  adapted  to  metallurgi- 
cal work,  to  jGjring  kilns  for  brick,  porcelain,  lime,  and  probably  for 
cement  manufacturing.  It  might  have  a  large  use  in  roasting  ores 
and,  in  a  smaller  way,  in  foundries  and  other  iron-working  plants, 
and  in  reheating  and  refining  steel,  copper,  and  other  metals  when 
fuel  free  from  sulphur  is  required. 

Even  for  boiler  plants  that  could  use  peat  fuel,  a  gas  producer  would 
be  a  most  desirable  adjunct,  as  it  would  permit  the  use  of  peat  less  care- 
fully prepared  and  containing  more  water,  and  the  economy  would  be 
greater  than  in  any  other  way  of  firing. 

PEAT  POWDER. 

Next  to  producer  gas,  peat  powder  is  the  most  attractive  form  of 
fuel  for  firing  boiler  furnaces,  for  operating  kilns  of  various  sorts,  and 
for  the  metallurgical  operations  mentioned.  This  form  of  peat  fuel  has 
not  yet  been  so  generally  used  in  Europe  as  has  producer  gas,  and 
not  as  much  has  been  demonstrated  commercially  in  regard  to  its 
value.  The  most  recent  reports  are  very  favorable  and  indicate  that 
peat  powder  can  be  cheaply  produced  and  is  as  good  fuel  for  boiler 
firing  when  properly  prepared  and  fired  as  the  same  weight  of  good 
English  coal. 

DOHESTIO  TTSES. 

The  steadiest  and,  in  the  aggregate,  the  greatest  demand  for  peat 
fuel  may  be  expected  to  come  from  small  consumers  who  want  a 
clean,  easily  handled,  and  cheap  fuel  that  gives  out  a  steady  heat  and 
yet  responds  quickly  to  changes  of  draft  when  burned  in  ordinary 
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heating  and  cooking  stoves.  Doubtless  in  this  way,  as  a  supple- 
mentary and  auxiliary  fuel,  much  of  the  peat  that  is  gathered  for 
fuel  will  be  used« 

PEAT  OOKB. 

Peat  coke  is  the  most  efficient  solid  fuel  derived  from  peat,  but  its 
high  cost  of  preparation  will  doubtless  limit  its  use  even  more  than 
that  of  charcoal  is  now  limited.  Its  value  for  all  uses  to  which  char- 
coal is  now  put  should  find  it  a  ready  and  satisfactory  market  after 
it  has  once  become  known  to  the  industries  thatrequire  such  a  product. 


PEAT  AS  A  RAW  MATERIAIi  FOR  PRODUCTS  OTHER 

THAN  FUEIi. 

For  many  years  the  peat  beds  of  Europe  have  been  studied  to 
see  if  the  great  quantities  of  partly  decomposed^  fibrous  plant  remains 
that  are  found  in  them^  and  that  can  be  recovered  seemingly  at 
low  cost;  could  not  be  made  into  articles  of  commercial  value  which 
would  replace  those  now  made  from  more  expensive  materials. 

It  must  be  borne  in  mind,  however,  that  most  kinds  of  vegetable 
raw  materials  are  scarce  in  the  countries  of  northern  Europe  where 
this  experimental  work  has  been  carried  on,  and  command  a  much 
higher  price  there  than  can  be  obtained  for  similar  materials  in  the 
United  States.  There  is,  therefore,  a  much  greater  incentive  to 
find  substitutes  or  adulterants  there  than  in  this  country,  where 
potentially  valuable  vegetable  substances  are  extravagantly  used 
or  allowed  to  go  to  waste.  Material  better  than  peat  for  some  of 
the  uses  that  have  been  proposed  for  it  in  Europe  is  at  the  present 
time  wasted  lavishly  in  some  parts  of  the  United  States  where  peat 
is  foimd,  or  in  nearby  territory. 

CHBMIOAL  FBODTJOTS. 

In  discussing  the  manufacture  of  peat  coke  and  peat  gas  in  pre- 
ceding sections,  the  possibihty  of  obtaining  a  variety  of  chemical 
substances  of  commercial  value  was  brought  out.  These  materials 
are  actually  made  on  a  commercial  scale  in  Europe  as  by-products 
of  peat-coke  plants  by  condensing  and  redistilling  the  heavier  gaseous 
products  of  distillation.  In  this  country  the  same  compoimds  are 
obtained  as  by-products  of  making  charcoal,  and  to  a  rapidly  increas- 
ing  extent  some  of  them  are  recovered  from  coal-coking  plants  and 
iUuminating-gas  and  power-gas  producers. 

The  recovery  of  chemical  by-products  from  the  destructive  distilla- 
tion of  any  fuel  requires  a  carefully  planned  recovery  plant,  so 
designed  and  arranged  that  it  will  handle  automatically,  at  the 
least  possible  expense,  large  volumes  of  liquids,  containing  a  small 
percentage  of  salable  material;  to  do  this  the  greatest  possible 
economy  of  heat  and  power  must  be  effected.  In  addition,  the 
cost  of  supervision  and  of  skilled  labor  necessary  for  such  recovery 
plants  is  considerably  greater  than  for  plants  making  less  compli- 
cated products.    For  these  reasons  the  manufacture  of  acetic  acid 

104 
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and  acetates,  wood  alcohol,  fonnaldehyde,  ammoma  and  its  com- 
pounds, phenol  and  creosote  compounds,  and  the  products  which 
can  be  derived  from  the  tarry  residues  from  peat  distillation,  such 
as  illimunating  and  heavy  oib,  paraffin  wax  and  asphaltum,  can 
be  profitably  undertaken  only  at  large  plants,  well  designed  and 
constructed,  sufficiently  capitalized,  and  properly  managed. 

It  is  significant  that  several  plants  erected  in  connection  with 
large  lumbering  operations,  for  utilizing  waste  wood,  by  distilling 
the  lighter  compounds  mentioned  above,  have  not  been  successful. 
The  reasons  for  failure  have  not  been  that  the  products  were  not  in 
demand  at  good  prices,  or  that  there  waa  any  inherent  difficulty  in 
any  of  the  processes,  but  that  so  far  as  could  be  learned,  the  margin 
of  profit  was  so  small,  and  the  expenses  of  maintenance  so  great, 
that  the  owners  preferred  to  close  the  plants  and  waste  the  materials 
which  they  attempted  to  save  or  to  convert  them  to  other  uses. 

There  seems  to  be  no  question  whatever,  from  the  reports  pub- 
lished, that  all  of  the  chemical  compounds  which  have  been  men- 
tioned can  be  profitably  made  from  peat,  and  that  there  is  a  market 
for  many  of  them  in  large  and  increasing  quantities,  but  it  seems 
assured,  also,  that  they  can  be  made  with  profit  only  in  large  and 
costly  plants  in  which  charcoal  or  coke  is  obtained  from  the  peat 
as  the  principal  product,  or  in  those  in  which  large  quantities  of  peat 
are  gadfied  to  generate  fuel  or  power  gas. 

ALCOHOL. 

Within  a  few  years  there  has  been  a  revival  of  interest  in  a  process 
by  which  ethyl  or  ''grain"  alcohol  can  be  obtained  from  peat. 
It  has  long  been  known  that  cellulose  could  be  broken  down  into 
sugar  by  proper  chemical  treatment,  and  that  the  sugar  could  be 
converted  into  alcohol  by  fermentation  induced  by  yeasts,  as  in 
the  ordinary  production  of  alcohol  from  cereals  and  fruits. 

The  revival  of  this  process  was  reported  from  Denmark,  Sweden, 
and  France,  where  experimental  factories  were  established  to  test 
a  newly  discovered  yeast,  and  from  them  came  the  reports  that 
alcohol  could  be  made  from  the  coarser  and  less  decomposed  types 
of  peat,  at  a  total  cost  of  between  45  and  50  cents  per  gallon.  Later 
accounts  state  that  the  Danish  plant  has  closed  indefinitely  without 
commercial  operation. 

The  process  of  making  alcohol  from  peat,  therefore,  is  still  in  an 
experimental  stage.  It  may  never  reach  the  point  where  it  will 
be  used  in  this  coimtry,  as  in  many  communities  apples  and  other 
fruits  rich  in  sugar  and  sugary  waste  of  various  kinds  are  allowed 
to  decay  in  large  quantities  when,  for  a  smaller  cost  than  peat  can 
be  used,  they  might  be  converted  into  alcohol  for  fuel  uses. 
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AXMONIUIC  0OXPOT7in>S. 
THE   FBANK-OABO  PROCESS.^ 

The  process  of  Frank  and  Caro  for  obtaining  ammonium  sulphate 
as  a  by-product  incidental  to  the  development  of  producer  gas  from 
peat  has  been  mentioned  in  the  discussion  of  producer  gas.  From 
70  to  85  per  cent  of  the  combined  nitrogen  of  the  peat,  often  amount- 
ing to  more  than  2  per  cent  of  its  dry  weight,  is  recov^ed  by  this 
process. 

The  peat,  which  may  contain  from  40  to  60  per  cent  of  water,  is 
superheated  with  an  excess  of  steam  in  the  drying  zone  of  a  Mond 
gas-producer,  decomposing  the  nitrogenous  compounds  and  convert- 
ing part  or  all  of  them  into  ammonia.  The  steam  and  gases  from 
the  producer  are  conducted  through  pipes  to  washers  and  ammonia- 
fixing  apparatus,  where  the  free  ammonia  in  the  gas  is  brou^t  into 
intimate  contact  with  sulphuric  acid  and  converted  into  ammonium 
sulphate.  The  dilute  solution  is  periodically  drawn  off  at  the  bottom 
and  concentrated  by  evaporation.  It  may  be  filtered  and  purified 
by  crystallization.  This  process  is  reported  by  Caro  ^  to  be  in  use 
at  Sodingen,  Germany,  and  at  the  large  peat  electric  power  station 
of  the  Hanover  Colonization  and  Moor  Improvement  Co.,  at  Schweger 
Moor,  in  northwestern  Germany. 

Ammonium  sulphate  has  a  rapidly  increasing  demand  because 
of  its  high  value  as  a  constituent  of  the  best  types  of  fertilizers, 
and  the  cost  of  equipping  a  plant  of  sufficient  size  to  profitably 
manufacture  it  from  peat  on  a  commercial  scale  is  the  chief  factor 
to  be  considered  by  those  contemplating  its  production. 

THE   WOLTEBEGK  PBOGESS. 

By  the  Woltereck  process,  which  is  the  discovery  of  Dr.  H.  Wolter- 
eck,  of  London,  England,  the  discoverer  claims  to  get  a  part  of  the 
nitrogen  for  the  ammonia  directly  from  the  air  and  only  a  part 
from  the  peat.  This  claim  is  backed  by  the  reports  of  a  long  series 
of  carefully  conducted  laboratory  and  lai^e-scale  experiments,  which 
have  been  worked  out  seemingly,  with  great  scientific  accuracy  and 
attention  to  detail.  The  assertion  is  made  that  when  wet  peat  is 
burned  in  a  specially  constructed  furnace  at  a  temperature  barely 
sufficient  to  keep  the  fire  alive,  some  of  the  nitrogen  of  the  moist  air, 
constantly  forced  into  the  combustion  zone  of  the  furnace,  forms 
ammonia  by  uniting  with  the  hydrogen  of  the  organic  matter  that 
is  being  decomposed.  The  gas  from  this  wet  combustion  contains 
tar,  tar  water,  and  other  distillates  from  the  peat,  besides  the  ammonia. 
In  a  lai^e  plant  now  in  process  of  devdopment  in  Ireland  these 

a  See  also  section  on  by-prodoot  gas  piodooen,  pp.  158-lM. 
^  Caro,  N.  Chem.  Zeit.  36:  £6:  fi06-7, 1911. 
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gases  are  conveyed  from  the  furnace  to  a  scrubber  that  removes 
the  tars  without  condensing  the  water^  as  this  water  would  contain 
a  part  of  the  ammonia.  From  the  tar  scrubber  the  hot  gases  are 
sent  to  an  alkali  tower,  where  a  hot  solution  of  soda  or  milk  of  lime 
removes  the  acetic  acid,  as  sodimn  or  calcium  acetates.  The  acid 
may  be  recovered  by  later  treatment.  The  gas  next  passes  to 
similar  towers  in  which  it  is  met  by  a  fine  spray  of  hot,  dilute  sul- 
phuric acid,  which  combines  with  the  ammonia  to  form  ammonium 
sulphate,  the  chief  object  of  the  process.  The  acid  is  used  imtil 
nearly  or  quite  neutralized,  when  the  solution  of  ammonimn  sulphate 
is  drawn  off  to  crystallizing  vats,  concentrated  by  evaporation,  and 
purified  by  crystallization. 

The  process  gives  no  fuel  gas,  as  the  temperature  at  which  the 
peat  is  burned,  750"*  to  950°  F.  (400°  to  500°  C.)  is  too  low  to  permit 
the  formation  of  carbon  monoxide  or  hydrogen.  The  process  is 
consequently  one  piu'ely  of  chemical  manufacture,  based  on  the 
formation  of  ammonia  from  the  nitrogen  of  the  air  and  of  the  peat 
itself,  by  the  slow  combustion  of  wet  peat,  the  statement  being 
made  that  peat  with  75  per  cent  of  water  can  be  successfully  used 
in  this  way. 

The  plant  for  manufacturing  ammonium  sulphate  by  this  process 
must  be  of  large  size  to  be  profitable,  because,  as  in  other  chemical 
industries,  the  cost  of  production  increases  disproportionately  as  the 
output  is  decreased.  The  inventor  of  the  process  estimates  a  mini- 
mum production  of  5  tons  of  ammonium  sulphate  from  100  tons  of 
theoretically  dry  peat.  The  plant  now  being  erected  in  Ireland,  it  is 
estimated,  will  manufacture  at  least  5,000  tons  of  ammonium  sul- 
phate per  year  when  in  operation,  besides  acetic  acid,  paraffin,  and 
other  chemical  products  of  secondary  importance.  The  cost  of 
constructing  the  plant  now  being  built  will  be  approximately  £100,000 
($500,000).  If,  however,  the  discoveiy  is  as  stated,  this  investment 
is  justified  by  the  needs  of  the  agricultural  interests  of  the  world, 
which  are  making  constantly  increasing  demands  for  more  sources  of 
combined  nitrogen  suitable  for  fertilizing  purposes. 

NITBATES. 

Peat  has  also  been  proposed  as  a  means  for  the  intensive  production 
of  nitrates  on  the  following  principle  pointed  out  by  Mimtz  and  Laine. 
A  culture  bed  of  peat,  watered  with  a  dilute  (0.75  per  cent)  solution 
of  ammonitun  sulphate,  then  inoculated  with  nitrifying  organisms 
and  kept  at  a  temperature  of  38°  C,  yields,  after  a  time,  nitrates  to 
the  amotmt  of  0.82  per  cent.  By  repeating  the  appUcation  of 
ammonium  sulphate  five  times,  the  quantity  of  nitrates  developed 
amounts  to  more  than  4  per  cent.  This  may  be  washed  from  the 
bed  and  purified.    The  peat  may  then  be  used  for  fuel  or  for  distillar 
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tion.  Whether  this  process  is  adapted  to  the  commercial  production 
of  nitrates  on  a  large  scale  is  not  yet  demonstrated,  but  in  view  of 
the  rare  occurrence  and  limited  supplies  of  these  salts,  so  vitally 
important  in  agriculture,  it  presents  possibilities  of  great  importance 
if  the  facts  relative  to  nitrogen  fixation  are  as  stated.  The  fact  that 
all  of  the  world's  supply  of  grain  alcohol  is  obtained  by  the  action  of 
microorganisms  on  sugar  solutions,  often  of  considerable  dilution, 
points  strongly  to  the  conclusion  that  no  great  difficulty  would  be  met 
in  applying  to  commercial  operations  the  principle  stated  by  the 
authors  quoted.  If,  however,  the  only  change  effected  is  to  convert 
to  a  nitrate  the  nitrogen  compound  supplied  to  the  peat  from 
ammonia,  the  value  of  the  process  is  questionable. 

DYB  STUFFS. 

The  well-known  brown  color  of  water  flowing  from  peat  deposits 
may  be  greatly  increased  in  strength  by  adding  alkaline  substances 
to  wet  peat,  as  they  dissolve  some  of  the  organic  acid  compounds. 
The  resulting  brown  compounds  can  be  again  precipitated  as  insoluble 
substances  that  are  said  to  give  a  permanent  brown  color  and  that 
could  probably  be  utilized  as  dyes.  The  color  can  also  be  obtained 
in  the  form  of  a  brown  powder  by  adding  an  excess  of  acid  to  the 
alkaline  solution  first  obtained  and  filtering. 

MATEBIAIiS  FOB  TANNING. 

Tanning  materials  have  been  obtained  in  Europe  from  peat.  It 
has  long  been  known  that  peat,  especially  those  types  in  which  woody 
plants  were  abundant,  contains  tannic  add,  tannin,  and  related  sub- 
stances in  considerable  quantity.  The  process  of  preparing  the 
tanning  material  is  thus  described  by  Ryan:<^ 

The  powdered  peat  is  treated  with  nitric  acid  in  cemented  cisterns  until  a  small 
part  of  the  product  ceases  to  give  brown  fumes  when  boiled  with  an  excess  of  nitric 
acid.  The  mash  is  then  diluted  with  water  and  heated  by  a  current  of  steam  for 
several  hours.  A  solution  of  stannous  chloride  is  added,  and  the  boiling  is  prolonged 
until  the  dark  color  of  the  solution  has  changed  to  a  light  brown,  when  the  liquid 
is  decanted  from  the  precipitate  and  can  be  used  directiy  for  tanning  hides. 

Other  chemical  products  that  can  be  obtained  are  discussed  in  the 
sections  of  this  bulletin  relating  to  peat  coke. 


Peat  containing  much  fibrous  matter  has  been  manufactured  into 
paper,  chiefly  iq  a  single  factory  established  for  the  purpose  at  Capac, 
Mich.  The  machinery  was  invented  in  Europe,  but  has  been  brought 
to  perfection  in  this  plant,  which  was  reported  by  the  owners  to  be 
the  only  one  in  the  world  at  the  time  it  was  erected. 

a  Ryva,  H.,  Reports  upon  the  Irish  peat  Industries-,  p.  41A. 
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The  product  thus  far  manufactured  is  cardboard  of  a  dark  color 
but  good  quality,  suitable  for  making  boxes  and  for  similar  purposes. 
The  raw  material  can  be  bleached,  but  seemingly  the  coloring  matter 
of  the  peat  is  so  durable  as  to  render  bleaching  too  expensive  for 
commercial  purposes. 

In  1910  a  small  plant  for  making  coarse  brown  paper  from  peat 
mixed  with  wood  pulp  and  other  paper  stock  was  erected  near 
Oarrett,  Ind.    The  product  finds  ready  sale. 

The  chief  objections  to  using  peat  as  paper  stock  can  be  briefly 
stated  as  follows:  There  is  much  waste  material,  including  water  and 
mineral  matter,  which  must  be  handled  before  it  can  be  eliminated; 
peat  is  usually  uneven  in  structure  and  texture;  the  fibrous  matter  is 
small  in  quantity,  was  originally  poor  in  texture,  and  has  been  weak- 
ened by  decay.  Hence  the  peat  fiber  often  has  to  be  enriched  with 
wood  pulp  or  other  paper  stock  to  produce  even  poor  grades  of  paper. 
The  fiber  is  also  difficult  to  bleach,  so  that  only  coarse  brown  papers 
and  cardboard  can  be  manuafctured.  Most  types  of  peat  contain 
veiy  Uttle  fiber  and  are  too  thoroughly  decayed  for  use  as  paper  stock, 
and  it  is  probable  that  less  than  10  per  cent  of  the  peat  deposits  of 
the  United  States  are  suitable  for  paper  making. 

Probably  the  only  kind  of  bog  that  may  be  considered  suitable  for 
this  purpose  is  one  which  has  been  built  up  from  the  bottom  by  sue* 
cessive  layers  of  grasslike  plants  to  a  considerable  depth  and  over  a 
large  area.  Poorly  decomposed  moss  peat,  by  the  addition  of  a 
smaU  percentage  of  paper  stock,  might  be  used  for  making  some 
grades  of  paper.  The  bogs  with  a  3  or  4  foot  stratum  of  mossy, 
fibrous,  or  woody  peat  at  the  top  and  structureless  material  below 
would  be  of  small  value  for  paper  making,  nor  would  those  of  small 
area  be  available,  since  the  cost  of  equipping  a  paper  mill  is  large. 

Paper  and  pasteboard  made  from  mixtures  of  varying  quantities 
of  peat  fiber  and  wood  pulp  have  been  produced  from  time  to  time 
in  several  countries  of  Europe,  where  a  considerable  number  of  proc- 
esses have  been  patented,  but  generally  the  manufacture  has  not 
been  continued  beyond  the  experimental  stages  because  of  the  high 
costs  of  reducing  the  peat  fiber  to  a  condition  suitable  for  use. 

WOVBN  FABBI08. 

The  stronger  fibers  from  the  more  fibrous  kinds  of  peat  may  be 
separated  and  cleansed  from  the  surrounding  material,  and  after 
treatment  which  renders  them  pliable  they  may  be  woven  into 
fabrics.  The  most  successful  experimental  use  for  this  kind  of  cloth 
has  been  as  blankets  for  horses  and  other  live  stock. 

It  has  been  reported  recently  from  Europe,  also,  that  the  fiber 
obtained  from  the  remains  of  the  sedges  that  frequently  grow  in 
moss  bogs  is  collected  by  hand  as  the  peat  is  run  through  disinte- 
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grating  machineiy,  and  is  used  for  adulterating  silk  threads  and 
fabrics,  for  which  purpose  it  is  in  growing  demand.  After  the  mate- 
rial is  sorted,  or  in  the  case  of  purer  fibrous  peat  without  such  sorting, 
the  entire  mass  is  beaten  up  with  water,  after  which  the  fibers  are 
gathered  by  means  of  forks  moved  by  an  endless  chain.  The  fibers 
are  removed  by  the  conveyor  to  large  vats,  in  which  they  are  washed 
with  water,  again  collected,  party  dried,  placed  in  hot  acid  solution, 
washed,  and  allowed  to  ferment,  and  then  dried.  The  dust  which 
still  adheres  to  the  fibers  is  next  removed  by  proper  screening,  and 
the  cleansed  fibers  are  prepared  for  spinning.  The  cost  of  this  mate- 
rial is  about  the  same  as  that  of  hemp  and  flax,  about  twice  that  of 
jute,  and  only  a  httle  less  than  that  of  cotton,  even  in  (lermany, 
where  it  is  produced. 

AKTIFICIAL  WOOD. 

A  material  called  *'Heloxyl,"  closely  resembling  heavy  paper, 
was  made  by  compressing  fibrous  types  of  peat  and  hardening  the 
resulting  material  by  special  treatment  into  ^eets,  blocks,  and  other 
forms  for  structural  purposes.  The  material  was  light,  compact, 
waterproof,  and  nonconductive  of  sound,  vibrations,  and  heat,  and 
could  be  made  fireproof  by  the  introduction  of  mineral  matter;  it 
was  also  readily  glued,  nailed,  and  painted,  and  because  of  these 
properties,  as  well  as  its  strength  and  lightness,  made  good  finishing 
material. 

Artificial  wood,  made  by  mixing  fibrous  peat  with  certain  mineral 
cements  and  compressing  it,  has  also  been  made  in  a  small  way  in 
Germany.  The  material  can  be  molded  into  any  desired  form,  is 
noncombustible  or  slow  burning,  does  not  absorb  water,  and  is  so 
tough  and  hard  that  it  is  said  to  make  good  and  durable  paving 
blocks  and  flooring,  as  well  as  a  desirable  substitute  for  wood  in 
most  of  its  ordinary  uses. 

MATTBESSES  AND  SANTTABY  APPUANCES. 

Moss  peat  and  material  which  has  been  selected  and  cleansed  of 
sticks  and  other  coarse  matter,  or  the  roughly  cleaned  fibers  derived 
from  peat,  may  be  made  into  mattresses  and  dressing  for  wounds. 

The  absorbent,  deodorizing,  and  antiseptic  properties  of  peat 
make  it  good  material  for  these  uses.  The  mattresses  are  said  to  be 
especially  valuable  for  hospital  use,  since  they  are  light  in  weight, 
resihent,  soft,  inodorous,  and  very  cheap,  so  that  they  can  be  renewed 
at  small  cost. 

The  material  used  for  dressing  woimds  needs  more  thorough  prepa- 
ration than  that  intended  for  mattresses,  as  it  must  be  freed  from 
all  dirt  and  woody  matter,  and,  on  the  whole,  there  is  doubt  whether 
it  possesses  sufficient  superiority  to  substances  now  in  general  use  for 
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the  same  purpose  to  warrant  trying  to  introduce  it.  In  the  form  of 
fine  powder  it  has  been  used  with  excellent  results  in  dressing  cuts, 
bums,  and  other  wounds,  and  its  many  good  features  for  such  use 
merit  investigation  by  American  surgeons. 

MOSS  UTTEB  AND  MXTZX. 

A  much  more  general  use  for  the  more  fibrous  kinds  of  peat  in 
Europe  is  for  bedding  for  stock,  and  in  the  form  of  powder  or  muU 
for  various  packing,  absorbent,  and  deodorizing  uses. 

Moss  or  peat  litter  is  hardly  to  be  classed  as  a  manuf  actiired  prod- 
uct, since  the  common  processes  of  manufacture  consist  chiefly  of 
cutting  the  peat  into  large  blocks,  spreading  them  on  the  bog  to  dry, 
gathering  the  peat  blocks  in  a  partly  dried  condition,  and  tearing 
these  up  by^the  use  of  simple  machinery.  The  shredded  material  is 
passed  through  rotary  screens  to  separate  the  finer  material,  or  mull, 
then  dried  artificially  and  packed  in  bales.  This  material  is  capable 
of  absorbing  much  larger  amounts  of  moisture  in  proportion  to  its 
weight  than  any  other  substance  in  general  use  for  stock  bedding. 
It  is  a  good  deodorizer,  and  almost  entirely  prevents  the  decompo- 
sitioQ  of  the  nitrogenous  and  other  organic  substances  for  a  consid- 
erable time.  In  addition,  it  is  reported  to  be  springy  and  durable 
and  to  keep  the  feet  of  the  aTiimals  which  stand  on  it  in  perfectly 
healthy  condition. 

At  the  present  time  a  considerable  quantity  of  this  sort  of  Utter 
is  imported  from  Holland  and  other  countries  of  northern  and  western 
Europe;  in  1909  it  amounted  to  something  over  9,000  tons.  It  has 
been  made  for  several  years  past  at  a  single  plant  at  Garrett,  Ind., 
and  the  demand  for  the  product  of  this  establishment  is  rapidly 
increasing. 

Many  of  the  peat  bogs  of  the  northern  United  States  are  favorably 
situated  for  manufacturing  this  material,  and  the  peat  is  admirably 
adapted  for  the  use,  judging  from  the  imported  product  that  has  been 
examined  by  the  writer.  This  substance  is  chiefly  composed  of 
poorly  decomposed  sphagnum  moss  and  other  herbaceous  plants, 
and  is  of  a  light-brown  color  when  dry. 

COST  OF  A   PLANT. 

The  cost  of  equipping  and  establishing  a  plant  for  making  moss 
litter  is  not  lai^e  when  compared  with  that  of  the  more  complicated 
fuel-making  plants,  because  the  machinery  is  inexpensive  and  of 
considerably  lighter  construction.  For  larger  plants  some  form  of 
efficient  artificial  drier  should  be  provided  to  complete  the  drying  of 
the  peat  after  it  has  dried  as  much  as  is  possible  on  the  surface  of  the 
bog.     To  dry  the  peat  below  15  or  18  per  cent  of  moisture  before 
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baling;  howeveTy  will  be  eaturelj  unnecessaiy,  as  when  dried  below 
this  water  content  the  peat  will  rapidly  take  up  moisture  until  it 
contains  as  much  as  it  can  absorb  from  the  air — ^from  10  to  20  per 
cent,  according  to  the  relative  humidity  of  the  air  in  the  locality. 

Following  is  a  statement  of  the  cost  of  a  moderate-sized  plant 
equipped  with  European  machinery,  but  without  drier  or  boiler  and 
engine: 

Ct>ai  ofwachxTieryfor  a  peat  moss  litter  and  mull  factory  produeingfrom  lto2  iaru  per  hour. 


Description  of  iiiacfaiiiciy.a 


Wel^t. 


Net 
t  o.  b. 
New 
York. 


Diaintegrator,  oooaistliig  of  doable  driviiig,  2  driving  wheels.  2  paUeyB,2  rollen  with 
exchangeable  tappet  rings  of  steel ,  mounted  on  iron  scaffold 

Chain  elevator,  consisting  of  a  forged  bucket  chain,  upper  driving,  guiding  stations, 
and  lower  expansion  gear 

Rotating  sieve  Tor  sifting  off  the  litter  and  at  the  same  time  produdiig  mull 

Latest  bale  press  of  bar  or  rack  and  pinion  jack,  for  any  sise  of  bale;  driving  coupled 
with  machine,  Including  an  automatic  brake.  2  pulleys,  and  self-acting  starter. . . . 

Complete  transmission  for  above,  including  all  pulleys,  bearings,  lubncatois,  and 

The  required  foundation  pjas,  bolts,  and  llfiirtening  serawe 


.    4,000 

2,000 
1,500 

10,000 

2,600 
650 


$1,000 

875 
500 

2,500 

1,200 
125 


6,000 


•  For  a  full  description  of  peat-litter  plants  see  Nystrom,  E.,  Peat  and 
use  in  Europe:  Canada  Department  of  Mines,  Mines  Branch,  1908,  p.  231. 
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MABEETZNG  AND  USE. 

The  litter,  after  preparation,  is  shipped  in  highly  compressed 
burlap-covered  bales,  and  brings  a  good  price  in  the  markets — gen- 
erally a  much  better  one  than  could  be  obtained  as  the  result  of  the 
same  expenditure  of  time  in  preparing  the  same  weight  of  peat 
for  fuel. 

Feat  litter  should  not  only  have  a  large  use  in  city  stables,  but 
ought  to  be  used  in  dairy  bams,  where  its  absorbent,  deodorizing, 
and  disinfecting  properties  would  make  it  much  more  valuable  than 
any  material  now  commonly  used  for  the  purpose. 

The  mull,  consisting  of  the  finer  parts  of  the  peat  screened  out  from 
the  litter,  is  much  used  in  those  European  countries  where  it  is  pro- 
duced as  an  absorbent  and  cheap  deodorizer.  It  is  very  satisfactory 
for  use  as  a  substitute  for  more  expensive  chemical  substances  or 
mixed  with  them  for  outhouses,  earth  closets,  cesspools,  etc.,  in  places 
where  comprehensive  sewer  systems  have  not  been  constructed. 

On  the  whole,  these  products,  simple  as  they  are,  and  requiring  no 
large  outlay  of  capital,  present  the  greatest  possibilities  for  paying 
investment  to  owners  of  peat  deposits  of  suitable  character,  because 
they  are  easily  and  cheaply  made,  are  already  on  the  market,  and  are 
favorably  known  to  many  dealers  and  consumers. 
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PAOEOra  M^TBBIAL. 

Peat  prepared  in  about  the  same  way  as  the  moss  litter  is  largely 
used  in  Europe  for  packing  fragile  and  perishable  articles,  and  there 
seems  no  reason  why  it  can  not  be  used  for  the  same  purposes  in  this 
country,  where  much  more  expensive  substances  are  now  employed. 
This  use  should  be  extended  to  include  the  packing  of  eggs,  fish, 
meats,  and  fruits,  as  is  done  in  Europe,  for  cold  storage.  The  anti- 
septic power  of  the  peat  adds  to  its  value  for  this  purpose.  An 
exhaustive  series  of  carefully  planned  experiments  with  the  proposed 
packing  material  in  various  forms  and  with  varying  water  content 
under  American  conditions  is  needed  before  any  considerable  invest- 
ment for  producing  it  on  a  commercial  scale  in  the  United  States  can 
be  recommended.  Peat  moss  {Sphoffnum)  is  gathered  and  baled  in 
considerable  quantities  in  New  Jersey,  and  to  a  less  extent  in  New 
York,  for  packing  and  for  florists'  use. 

FBBTHJZBB  FILLBB. 

The  most  extensive  and  successful  use  of  peat  as  the  base  of  a  com- 
mercial product  sold  in  large  quantities  on  the  open  market  in  this 
country  is  as  ''filler"  in  artificial  or  chemical  fertilizers.  This  filler 
should  not  be  regarded,  however,  as  a  harmful  adulterant,  but  rather 
as  a  diluent,  or  in  some  cases  as  a  necessary  constituent  of  the  mix- 
ture into  which  it  is  introduced,  since  it  improves  the  whole,  both 
mechanically  and  chemically;  for  the  same  purpose  manufacturers 
use  powdered  graphite,  coal  dust,  cinders,  and  ashes,  sand,  etc.  The 
use  of  peat  powder  as  filler  also  permits  the  use  of  many  kinds  of 
waste  animal  matter,  rich  in  valuable  nitrogenous  compoimds, 
which  could  not  be  used  otherwise  because  they  absorb  water  from 
the  air  and  cake,  or  give  off  offensive  odors,  and  soon  decay,  their 
valuable  nitrogenous  contents  being  dissipated  as  gases. 

On  the  other  hand,  the  peat  adds  to  the  total  nitrogen  of  the  com- 
pleted fertilizer,  so  that  an  analysis  shows  a  certain  proportion  of  nitro- 
gen, which  is  said  by  chemists  not  to  be  immediately  available  for 
plants,  and  as  nitrogen  is  the  most  costly  constituent  of  all  fertilizers, 
this  addition  is  objected  to  by  some  agricultural  chemists.  Recent 
experiments  seem  to  show,  however,  that  at  least  one-third  of  the 
nitrogen  in  even  poorly  decomposed  peat  is  really  immediately  avail- 
able for  plants,  hence  part,  at  least,  of  the  objections  to  this  use  of 
peat  fall.  The  advocates  of  its  use  claim  that  it  improves  the 
mechanical  texture  and  the  odor  of  the  mixtures  in  which  it  is  used, 
and  prevents  the  loss  of  nitrogen  by  checking  the  decomposition  of 
its  organic  compounds  and  by  absorbing  any  free  ammonia  developed; 
it  also  adds  to  the  soil  an  amount  of  organic  matter  equivalent  to  the 
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quantity  of  the  peat  used,  the  decomposition  of  which  gives  plant 
food  and  increases  water-holding  capacity.  The  black,  well-decom- 
posed kinds  of  peat  from  thoroughly  drained  bogs  are  most  often 
used  for  this  purpose;  such  soils  often  show  great  and  lasting  fertility, 
producing  good  crops  year  after  year  with  little  fertilization,  thus 
showing  that  they  have  an  abundance  of  plant  food. 

The  processes  of  preparing  peat  filler  are  even  simpler  than  those 
for  peat  litter.  The  peat  is  dug  or  plowed  up  and  allowed  to  drain 
and  become  as  nearly  air-diy  as  may  be,  after  which  it  is  dried  artifi- 
cially,  often  in  a  rotary  drier,  to  a  low  moisture  content,  ground  into 
a  powder,  and  shipped  in  bags  or  in  bulk.  The  grinding  may  be 
done  before  the  artificial  drying.  The  blacker,  more  highly  decom- 
posed peats  are  most  sought  for  this  use  because  they  generally  con- 
tain a  larger  percentage  of  nitrogen  than  others. 

To  be  well  equipped  for  the  production  of  peat  fertilizer  filler  a  plant 
should  require  as  Uttle  manual  labor  as  possible.  The  equipment 
should  include  machine  diggers,  cars,  and  portable  tracks  for  trans- 
porting the  peat  to  the  stock  piles  or  storage  sheds,  and  mechanical 
conveyers  for  transferring  the  crude,  partly  dry  peat  from  storage 
to  the  driers. 

The  commercial  success  of  the  entire  operation  may  depend  on  the 
completeness  of  the  mechanical  arrangements  connected  with  the 
drying  plant.  These,  in  such  a  plant,  take  the  peat  to  the  driers, 
receive  it  after  drying,  and  remove  it  automatically  to  storage  rooms 
or  to  cars  for  shipment. 

Because  of  the  varying  conditions  of  drainage  at  the  difiFerent  plants 
producing  peat  filler,  different  methods  of  digging  the  peat  and  of 
treating  it  before  artificial  drying  are  used.  At  some  plants  hand  labor 
is  used  exclusively  to  dig  the  peat  from  drained  or  partly  drained 
deposits  and  to  place  it  on  tramcars  by  which  it  is  removed  imme- 
diately to  stock  piles. 

At  other  plants  operating  on  wet  or  undrained  deposits  the  peat  is 
dug  by  dredges  floated  in  canals  of  their  own  excavation.  As  fast  as 
the  peat  is  dug  it  is  either  piled  on  the  bog  to  drain,  or  on  cars  running 
on  portable  tracks  along  the  bank  of  the  canal,  or  on  scows  which 
are  floated  on  the  canal  to  the  drying  grounds  or  the  factory  for 
imloading. 

On  thoroughly  drained  bogs  that  are  dry  enough  to  permit  culti- 
vation the  peat  is  sometimes  plowed  and  harrowed  before  the  upper 
layers  are  scraped  up.  Such  treatment  reduces  the  peat  to  powder 
and  hastens  drying  materially.  Every  pound  of  water  removed  by 
evaporation  induced  by  the  wind  and  the  heat  of  the  sun  reduces  the 
amount  of  fuel  needed  in  artificial  drying.  It  is,  therefore,  where  pos- 
sible, a  distinct  advantage  to  treat  the  peat  as  described. 
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A  modification  of  the  method  of  cultivation  just  described  is  in 
use  at  some  peat-filler  factories.  The  digging,  spreading,  and  gather- 
ing machinery  described  in  an  earlier  section  (p.  113)  is  used  to  pre- 
pare and  gather  peat  powder  with  less  than  40  per  cent  of  moisture 
from  the  drying  fields  a  few  hours  after  digging — a  great  advantage, 
as  may  be  seen  by  reference  to  the  table  showing  the  relations  of  the 
weights  and  percentages  of  the  water  contained  in  peat  (p.  110). 

It  is  doubtful  whether  peat  containing  more  than  50  per  cent  water 
can  be  dried  with  profit  by  artificial  heat  in  the  form  of  drier  gener- 
ally used,  considering  the  prices  generally  received  for  the  product. 

A  fully  equipped  plant  for  making  peat  into  fertilizer  filler  prob- 
ably costs  more  than  a  plant  for  making  machine  peat,  but  because 
of  the  established  market  a  good  product  of  sufficient  weight  and  of 
high  nitrogen  content  commands  a  ready  sale  at  considerably  higher 
prices  than  the  peat  would  bring  as  fuel  in  the  form  of  machine  peat. 

Peat  fertilizer-filler  plants  were  operated  in  1910  in  Florida,  New 
Jersey,  Massachusetts,  Pennsylvania,  Ohio,  Indiana,  Michigan,  and 
Illinois. 

PEAT  AS  A  FEBTIIJZEB. 

Experiment  has  seemingly  demonstrated  that  powdered  black  peat 
that  is  somewhat  alkaline  in  its  reactions  may,  if  properly  prepared, 
be  used  with  much  benefit  as  a  fertilizer  on  soils  lacking  in  organic 
matter.  Such  material  has  been  put  on  the  market  as  a  lawn  dressing, 
and  is  finding  a  ready  sale.  Peat  for  this  use  should  have  a  high 
nitrogen  content,  and  the  organic  matter  should  be  in  such  form  that 
plants  can  get  it  readily.  Fibrous  and  brown  peat  have  little,  if  any, 
value  for  this  purpose,  and  should  not  be  used  where  immediate 
results  are  expected.  The  experimental  work  which  has  been  done 
on  the  fertilizing  value  of  peat  has  been  too  limited  to  warrant  final 
conclusions,  but  the  experience  of  farmers  for  many  generations 
seems  to  justify  the  use  of  peat  as  a  fertilizer. 

CONCLUSIONS. 

Peat  is  available  for  any  of  the  uses  cited  in  this  discussion  and  for 
some  others  which  have  not  been  considered  here,  but  it  can  hardly 
be  classed  as  a  satisf actoiy  raw  material  for  making  any  of  the  more 
complicated  products  under  the  usual  conditions  existing  in  the 
United  States,  where  other  and  established  substances  are  already  to 
be  had  in  any  desired  quantity  and  at  satisfactory  prices.  More- 
over, these  products  are  obtained  from  peat  only  by  large  investment 
of  capital,  and  in  most  cases  can  not  be  manufactured  before  the 
plant  has  passed  through  a  long  experimental  period,  which  must  be 
properly  provided  for  by  a  considerable  reserve  fund. 
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The  simpler  products^  peat  litter;  mnU;  mattresses,  packing  material, 
and  peat-fertilizer  filler,  have  a  much  greater  chance  of  being  quickly 
made  profitable,  because  some  of  them  are  already  on  the  market 
and  present  uses  for  which  the  peat  is  especially  adapted.  Moreover, 
the  processes  of  preparation  are  simple,  and  the  cost  of  equipment 
for  their  manufacture  with  tried  machineiy  is  so  low  that  moderate 
expenditure  will  fully  equip  a  plant  for  their  manufacture,  and  a  long 
experimental  development  is  unnecessary. 

It  is  apparent,  therefore,  that  the  more  fibrous  kinds  of  peat,  where 
they  are  abundant  in  the  United  States,  may  be  put  to  a  number  of 
profitable  uses  besides  making  them  into  fuel,  while  the  black,  plastic 
types  have  other  possibilities,  although  they  are  not  adapted  to  the 
same  uses  for  which  the  first-mentioned  type  may  be  recommended. 


AORICniiTURAIi  USES    OF  PEAT. 

The  utilization  of  peat  in  i^cultural  operations  is  a  topic  of  impor- 
tance to  the  farmers  of  the  regions  of  the  United  States  where  peat 
deposits  are  common,  especially  where  reclamation  by  drainage  is 
being  undertaken,  and  this  is  beginning  to  be  realized  by  tiiose 
who  are  working  on  the  problems  involved  in  increasing  the  rate  of 
jdeld  and  the  diversity  of  farming  operations.  The  subject  of  the 
proper  value  of  peat  and  peat  lands  to  i^riculture  is  so  important  and 
so  complicated  that  it  can  be  fully  discussed  only  after  a  great  number 
of  practical  experiments  on  a  large  scale  have  been  made  to  deter, 
mine  the  availability  of  this  sort  of  land  for  various  kinds  of  crops 
under  the  wide  range  of  temperature,  of  rainfall,  and  of  types  of  peat 
that  exists  in  the  United  States. 

In  Europe,  partly  because  of  the  large  areas  of  unproductive  peat 
land  in  the  agricultural  countries,  and  partly  because  of  the  crowded 
condition  of  these  countries,  the  qualities  of  peaty  soils  have  been  made 
for  many  years  the  subject  of  exhaustive  and  careful  study  by  trained 
specialists. 

These  generally  work  under  the  auspices  of  a  society  made  up  of 
farmers,  landholders,  and  others  who  are  interested,  and  aided  by 
definite  appropriations  of  funds  by  the  Government.  The  Govern- 
ment further  aids  in  this  important  work  by  establishing  and  main- 
taining experiment  stations  at  peat  bogs,  where  the  necessary  experi- 
ments as  to  culture,  draini^e,  and  other  phases  of  the  problem  are 
systematically  carried  out  on  such  a  scale  that  their  practicabihty 
as  well  as  their  desirability  may  be  determined.  Government  aid 
and  supervision  is  given  to  plans  for  the  colonization  and  develop- 
ment of  large  areas  of  marsh  lands  and  in  Germany  a  number  of  such 
colonies  are  now  established. 

No  work  of  this  sort  has  yet  been  attempted  in  the  United  States 
except  at  a  few  of  the  State  agricultural  experiment  stations,  where 
investigations  of  the  value  of  peat  as  a  fertilizer  and  as  a  soil  for 
certain  crops  are  now  being  carried  on. 

PBAT  SOILS. 

In  its  natural  condition  peat  i^  too  wet  to  be  worked,  and  before 
any  crop  plant  can  be  made  to  grow  upon  it  the  surface  must  be  cleared 
and  the  water  level  lowered  by  effective  ditching  and  draining.    In 
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general;  after  this  has  been  accomplished,  the  surface  layers  of  the 
peat  are  coarse  in  texture  and  often  full  of  partly  decayed  stumps, 
roots,  and  other  woody  debris,  which  must  be  removed. 

The  coarse-textured  peat  dries  out  readily  and  affords  only  a  small 
amount  of  plant  food,  so  that  after  a  short  time,  or  during  unfavorable 
seasons,  crops  fail.  Often  swamps  are  cleared,  drained,  and  cultivated 
for  a  brief  period  at  considerable  expense  and  then  abandoned  because 
they  are,  as  a  rule,  unproductive. 

Aside  from  the  coarseness  of  peat  soils  and  their  consequent  poverty 
of  moisture  and  plant  food,  an  important  cause  of  crop  failure  seems 
to  be  the  attempt  to  grow  crops  not  adapted  to  the  soils.  Extended 
observation  in  various  parts  of  the  country  where  peat  soils  are 
common  seems  to  indicate  that  after  one  or  two  crops  have  been  taken 
from  newly  cleared  peat  land  of  the  common  kind,  grass  is  most 
likely  to  yield  good  crops  for  a  number  of  years  until  the  surface 
layers  are  blackened  and  disintegrated  into  a  fine-grained,  homo- 
geneous mass.  After  this  has  been  accomplished,  various  kinds  of 
crops  may  be  raised,  but  these,  as  a  rule,  should  be  such  as  can  well 
endure  cold  nights  and  early  frosts,  and  are  not  greatly  injured  by 
drought.  Various  truck  crops,  such  as  onions,  lettuce,  celeiy,  cab- 
bage, and  other  vegetables,  seem  to  thrive  on  well-blackened  peat 
and  often  yield  very  large  returns. 

Peat  soils  generally  need  mineral  fertilizers,  especially  potash, 
because  they  contain  little  available  mineral  matter,  and  barnyard 
manure  is  often  very  effective  in  adding  to  their  productiveness,  both 
because  it  adds  to  the  peat  material  which  the  latter  lacks  and 
because,  seemingly,  it  promotes  the  decomposition  of  the  peat  by 
introducing  the  fungi  and  bacteria  which  cause  decay  and  hasten 
humus  formatioii. 

In  some  parts  of  the  country  peat  soils  are  among  tlie  most  pro- 
ductive of  any,  yielding  large  crops  year  after  year  with  no  more  care 
than  is  required  to  obtain  inferior  crops  from  other  kinds  of  soils. 
In  such  places,  however,  the  peat  is  of  the  thoroughly  decomposed, 
black  type,  generally  known  as  "muck";  the  brown,  fibrous  kinds 
are  seldom  very  fertile  until  they  have  been  cultivated  or  exposed  to 
weathering  agents  for  some  years. 

FBBTIIJ2SEB. 

Muck,  or  peat,  has  long  been  used  by  farmers  as  an  auxiliary 
fertilizing  material,  either  directly  applied  to  the  land  or  applied  in 
connection  with  other  fertilizers,  especially  in  composts  with  barn- 
yard or  stable  manure.  This  practice  is  justified  by  the  composition 
of  peat,  some  kinds  of  which  contain  from  2  to  3  per  cent  of  combined 
nitrogen,  besides  other  organic  matter,  and  when  properly  applied 
increase  the  humus  in  the  soil  and  hence  the  water-holding  power. 
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To  get  the  best  results  from  peat  for  these  purposes  it  should  be  dug 
and  left  on  the  bog  for  a  time  to  dry  out  and  disintegrate  thoroughly. 
This  not  only  gets  rid  of  the  water,  but  renders  the  peat  more  absorb- 
ent and  in  better  form  to  be  mixed  with  the  soil.  It  seems  also  to 
make  the  nitrogenous  matters  more  quickly  available  for  the  use  of 
crops  to  which  it  is  applied. 

n  dug  wet  and  spread  over  the  land  in  this  condition  the  peat  may 
dry  into  hard,  tough  lumps  that  for  a  long  time  are  of  no  more  value 
to  the  land  than  stones  or  blocks  of  wood.  Aside  from  this,  a  ton  of 
wet,  freshly  dug  peat  contains  only  about  225  pounds  of  usable 
material,  and  in  this  material  there  is  not  enough  fertilizing  substance 
to  justify  the  labor  of  digging  and  hauling  it.  On  the  other  hand, 
the  dry  material,  which  may  be  obtained  by  digging  out  the  peat  in 
the  fall  and  letting  it  lie  on  the  bog  until  the  next  fall,  will  yield 
excellent  returns,  especially  if  properly  composted  with  coarse  manure 
before  being  applied  to  the  land. 

The  composting  should  be  done  in  the  ordinary  way,  by  stacking 
the  peat  in  thin  layers  alternating  with  those  of  stable  refuse  to  a 
depth  of  several  feet,  and  allowing  the  heap  to  stand  for  some  months, 
turning  over  the  whole  at  least  once  during  the  time.  If  the  peat 
alone  is  used  it  should  be  applied  liberally  as  dry  as  possible;  it  may 
be  cheaply  spread  by  a  manure  spreader.  Such  applications  will 
improve  the  productiveness  of  many  kinds  of  soUs. 

AB80BJ3BNT  AND  DISINFECTANT. 

The  air-dried  peat  may  be  used  to  even  better  advantage  as  an 
absorbent  of  the  valuable  nitrogenous  liquids  of  stables  and  barnyards, 
which  ordinarily  are  allowed  to  go  to  waste.  For  this  purpose  the 
dried  peat  needs  simply  to  be  piled  up  under  cover  until  used,  when 
it  may  be  spread  over  the  barnyard  in  layers  as  needed.  If  used  in 
the  stables,  it  will  not  only  act  as  an  absorbent  of  liquids,  but,  since 
it  checks  decomposition  and  absorbs  gases,  will  be  more  or  less  effective 
as  a  deodorizer. 

Dry,  powdery  peat  may  also  be  used  for  all  the  purposes  for  which 
peat  mull  is  recommended  above,  and  it  is  greatly  superior,  for  most 
of  them,  to  lime,  ashes,  or  the  more  expensive  chemical  compounds 
used  for  deodorizers  and  disinfectants.  It  is  nearly  an  ideal  material 
for  use  in  earth  closets  and  in  other  receptacles  for  moist  waste  organic 
matter,  and  has  a  value  far  in  excess  of  the  cost  of  gathering  and 
preparing  it. 

UTTEB  AND  BEDDING  FOB  STOCK. 

Dry  peat,  if  free  from  sticks  and  lumps,  may  be  successfully  used 
for  bedding  for  all  sorts  of  live  stock,  equalling  for  this  purpose  the 
more  carefuUy  prepared  peat  or  moss  litter,  because  it  possesses  all 
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of  the  properties  of  the  litter.  When  used  for  bedding  the  thoroughly 
dried  peat  should  be  packed  firmly  to  the  depth  of  4  or  5  inches 
on  the  floor  of  the  stalls  or  standing  room,  at  the  back  of  which  a 
retaining  cleat  should  be  nailed;  if  well  prepared  and  kept  dean  the 
litter  will  last  without  renewal  for  several  months.  It  furnishes  a 
standing  room  and  bed  which  can  not  be  excelled,  being  spongy, 
elastic,  and  absorbent,  and  keeping  down  the  usual  odors  of  the 
stable  to  a  marked  degree.  Wet  peat  should  not  be  used  for  this 
purpose. 

INSXTULTZNa  MATEBLAX. 

As  dry,  fibrous  peat  is  a  good  nonconductor  of  heat,  it  may  be  used 
satisfactorily  to  protect  water  pipes  from  freezing.  The  peat  is 
probably  superior  to  straw  and  similar  materials  commonly  used, 
because  it  is  more  dinrable  and,  if  properly  dried,  more  absorbent, 
hence  would  not  lose  its  insulating  properties  so  quickly  when  laid 
in  a  wet  place.  The  only  preparation  needed  is  drying,  and  manifestly 
the  tough,  sponge-like  turf,  or  uppermost  layers  of  moss  peat,  would 
be  especially  desirable,  because  they  afford  large  air  spaces  between 
the  fibres,  and  thus  give  better  protection  than  more  compact  material. 
Peat  of  this  kind  should  also  be  good  packing  in  refrigerators  and  ice- 
houses and  similar  structures. 

STOCK  FOOD. 

In  Europe  peat  mull  and  peat  litter  prepared  from  moss  and  sedge 
peat  have  been  used  as  the  bases  for  the  preparation  of  certain  kinds 
of  commercial  stock  foods.  The  chief  ingredient  in  these  prepara- 
tions besides  the  peat  is  the  uncrystallized  residue,  or  molasses, 
from  beet  or  other  sugar  factories.  This  molasses  has  a  certain 
food  value  for  fattening  stock,  but  is  difficult  to  feed  because  of  its 
stickiness  and  liquid  condition,  and  the  peat  is  added  to  obviate 
these  difficulties.  Actual  analyses,  however,  by  reputable  agricul- 
tinral  chemists,  show  that  this  material  has  a  twofold  use — ^it  is 
eagerly  eaten  by  the  cattle,  and  thus  stimulates  them  to  eat  more 
than  tiiey  otherwise  would  of  fattening  food,  and  the  peat  itself  adds 
a  small  amount  of  proteid  substance  to  the  food;  the  peat  also 
neutralizes  certain  bad  effects  of  the  molasses,  so  that  lai^r  quanti- 
ties may  be  eaten. 

Although  the  weight  of  evidence  gathered  at  agricultiural  experiment 
stations  in  the  United  States  seems  to  show  that  condimental  stock 
foods  of  the  kinds  usually  sold  are  of  the  nature  of  stimulants,  and 
do  not  give  sufficient  returns  in  actual  gains  in  weight  or  condition 
of  the  animals  to  justify  such  use,  the  testimony  as  to  the  value  of  a 
mixture  of  molasses  and  peat  mull  as  an  addition  to  the  ration  of 
horses  and  other  live  stock  seems  conclusive.    Beports  of  its  beneficial 
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effects  have  been  issued  from  time  to  time  through  a  number  of 
years  from  various  European  countries  and  from  the  army  veteri- 
narians of  Germany  lEuid  England. 

PACKCNa  MATEBIAL. 

Air-dried  peat  can  be  used  to  advantage  for  packing  eggs,  fruit, 
and  vegetables  for  storage  either  in  bins,  pits,  cellars,  or  other  recep- 
tacles, or  in  refrigerating  plants. 

The  nonconducting  properties  of  fibrous  peat  keep  articles  packed 
in  it  at  an  even  temperature  and  prevent  freezing.  In  addition  peat 
prevents  shrinking  due  to  evaporation  and  quickly  absorbs  any 
water  given  off.  Perishable  articles  packed  in  this  material  are  not 
absolutely  protected  from  decay,  because  the  germs  of  the  micro- 
scopic plants  that  cause  decay  are  generally  introduced  before 
packing.  Unaffected  fruit,  however,  would  not  be  spoiled  by 
contact  with  that  aL*eady  inoculated,  as  is  often  the  case  in  the  usual 
methods  of  packing  for  storage,  because  peat  is  sufficiently  antiseptic 
to  prevent  the  growth  of  rot-producing  fungi  through  it,  and  the 
reproducing  bodies  could  not  pass  from  point  to  point  through  it,  as 
they  do  through  air  spaces. 

Large  quantities  of  peat  powder  or  mull  are  sent  annually  to  the 
Canary  Islands  from  Europe  for  use  in  packing  fruit  for  shipment,  and 
the  demand  for  the  material  for  the  piupose  is  growing.  There 
seems  no  good  reason  why  the  same  substance  should  not  be  tried  in 
the  United  States  in  connection  with  the  shipment  for  long  distances 
of  the  more  perishable  fruits. 

PBAT  ASHES. 

A  question  often  is  raised  as  to  the  value  of  peat  ashes.  In  general,  it 
may  be  said  that  they  are  not  nearly  so  valuable  as  those  obtained 
from  wood,  as  they  contain  a  disproportionately  large  percentage  of 
silica  and  very  little  phosphoric  acid  or  potash.  The  silica  probably 
comes  from  fine  silty  sediments  in  the  water  in  which  the  peat  was 
formed,  and  has  practically  no  value  in  plant  growth  although  the 
most  abundant  constituent  of  most  soils.  The  small  proportion  of 
other  mineral  constituents  in  peat  ash  can  probably  be  attributed  to 
the  lack  of  the  remains  of  woody  plants,  as  the  mosses  and  other 
herbaceous  plants,  which  are  the  chief  peat  formers,  do  not  usually 
accumulate  as  much  mineral  matter  in  their  cell  walls  as  do  the  shrubs 
and  trees. 

Therefore,  while  at  times  it  may  be  advisable  to  bum  over  the  sur- 
face of  peat  beds  to  remove  quickly  and  cheaply  the  surface  covering 
of  vegetation,  it  is  a  great  mistake  to  bum  the  peat  for  the  sake  of 
getting  the  ashes,  as  these  are  worthless  for  agricultural  piuposes  in 
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companson  with  the  high  value  of  the  peat  itself  for  any  of  the  uses 
that  have  been  mentioned  in  this  bulletin. 

It  is  reported  that  peat  with  high  ash  in  certain  localities  in 
Florida  is  burned  in  specially  bidlt  furnaces  to  obtain  the  ashes  for 
making  polishing  powders  and  scouring  soaps,  the  ash  containing  a 
large  amount  of  silica  in  the  form  of  very  minute  shells  of  one-celled 
plants  known  as  diatoms  which  are  so  small  that  they  do  not  produce 
visible  scratches  on  polished  metal,  yet  so  hard  that  they  scour  it. 

COKCLUSIOKS. 

Peat  land  may  be  cultivated  with  profit  if  the  right  crops  are  chosen 
and  the  peat  is  sufficiently  drained,  decomposed,  and  fertilized. 
Many  of  the  peat  swamps  in  the  northern  part  of  the  country  are, 
however,  of  a  type  that  will  scarcely  repay  cultivation,  since  the 
peat  is  very  poorly  decomposed  and  would  be  a  long  time  in  reaching 
a  state  in  which  it  could  be  safely  used  for  most  crops. 

On  the  other  hand,  even  poorly  decomposed  peat  may  be  very 
profitably  used  in  many  ways  on  farms  to  increase  the  fertility  of 
the  land,  and  to  add  to  its  productiveness  indirectly,  by  conserving 
and  preserving  other  more  salable  articles,  or  by  saving  valuable 
waste  matter  which  could  not  be  kept  except  by  its  use. 


TABTiES  OF  ANALYSES. 

In  the  following  tables  all  of  the  analyses  of  peat  samples  made  by 
the  United  States  Geological  Surrey  from  the  beginning  of  the 
present  investigation  to  July  1;  1909,  are  given  for  convenience  of 
reference  and  comparison. 

COLIiECnON  OF  SAMPIiBS. 

The  samples  from  which  these  analyses  have  been  made,  except 
the  samples  from  New  York,  Massachusetts,  Michigan,  New  Hamp- 
shire, and  North  Carolina,  were  collected  chiefly  by  field  agents  of 
the  geological  surveys  of  the  States  in  which  the  peat  was  obtained, 
under  the  supervision  of  and  in  cooperation  with  the  United  States 
Geological  Survey. 

METHODS  OF  COLIiECTIOX. 

In  the  beginning,  samples  were  collected  with  augers  and  placed 
in  galvanized-iron  and  tin  cans,  such  ad  were  used  for  sending  coal 
samples  by  mail  to  the  fuel-testing  laboratory  of  the  survey,  but  it 
was  found  that  the  wet  peat  from  many  localities  attacked  the  metal, 
and,  after  a  relatively  short  time,  etched  holes  in  the  sides  and  bot- 
toms of  the  containers.  This  led  to  the  use  of  glass  bottles,  after  an 
unsatisfactory  test  of  wooden  mailing  cases.  The  bottles  finally 
chosen  were  ordinary  wide-mouthed,  4-ounce  size,  with  tightly  fitted 
corks.  Each  bottle  was  rendered  mailable  by  the  use  of  a  type  of 
mailing  case  approved  by  the  postal  authorities.  The  bottles 
were  small  because  they  were  used  only  for  wet  samples  from  which 
the  approximate  water  content  of  the  peat  at  the  time  of  collection 
might  be  determined. 

For  the  calorific  and  chemical  analyses  larger  samples  were  always 
collected  at  the  same  time  as  the  bottled  samples.  The  larger  sam- 
ples were  placed  in  stout  cotton-cloth  bags,  about  6  inches  wide  by 
9  inches  long,  provided  with  a  tape  for  fastening  the  top.  The  sam- 
ples were  generally  taken  at  intervals  of  2  feet  from  the  top  to  the 
bottom  of  the  deposit,  from  at  least  three  holes  in  widely  separated 
parts  of  the  deposit,  and  portions  of  each  sample  were  put  in  a  bag 
and  in  a  bottle  as  they  were  collected  and  were  given  the  same  note- 
book number.    Where  the  lower  layers  of  a  deposit  showed  much 
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silt  samples  were  sometimes  rejected  and  not  included  with  the 
material  sent  for  analysis,  although  this  was  not  the  general  rule. 
The  bags  and  the  wet  samples  contained  in  them  before  packing 
were  more  or  less  thoroughly  dried  by  exposure  to  the  air,  after 
which  they  were  labeled  and  sent,  with  proper  identification  cards, 
to  the  chemical  laboratory  for  analysis.  The  samples,  with  the 
exception  of  those  from  Maine,^  most  of  which  were  taken  with  a  ship 
auger,  were  collected  with  the  sampling  tube  already  described 
(pp.  71-72),  which  has  proven  very  satisfactory  for  the  purpose. 

ANALYTICAL  METHODS. 

The  general  method  used  for  the  proximate  analyses  of  peat  sam- 
ples was  that  which  was  adopted  by  the  committee  on  coal  analyses 
of  the  American  Chemical  Society.^  The  Mahler  bomb  calorimeter 
was  used  for  determining  the  calorific  or  thermal  value,  2  grams  of 
peat  being  taken  instead  of  the  1  gram  used  in  coal  analyses.  The 
peat  was  reduced  to  the  air^dried  state  by  wanning  it  at  a  tempera- 
ture of  36°  C.  (95*^  F.)  in  an  oven  so  constructed  that  a  current  of 
warm,  dry  air  passed  over  the  powdered  sample  until  it  no  longer 
showed  loss  of  weight  on  repeated  weighing.  The  time  required  for 
this  thorough  drying  was  usually  from  three  to  five  days.*  The 
drying  was  conducted  at  a  temperature  used  to  prevent  the  loss  of 
volatile  combustible  matter  known  to  take  place  when  peat  is  dried 
at  the  higher  temperatures  (100*^  to  105®  C.)  often  used.  Drying  in 
ovens  probably  gives  more  uniform  results  than  drying  in  the  open 
air  of  the  laboratory,  because  conditions  of  atmospheric  himiidity 
are  more  definitely  controllable  in  an  oven. 

KOISTUBE. 

The  difficulties  in  the  way  of  collecting  a  peat  sample,  from  any 
depth  below  the  surface,  with  exactiy  the  quantity  of  water  that  the 
peat  contains  at  that  depth  have  not  all  been  surmounted,  and  it  is 
doubtful  if  any  of  the  samples  give  as  high  a  percentage  of  water  as 
they  woiild  if  perfect  collection  were  possible.  The  moisture  analyses 
are  useful,  however,  in  showing  that  the  water  content  of  the  samples 
collected  is  unifonnly  high  and  often  above  90  per  cent. 

OALOBIFIC  VALT7B. 

As  previously  stated,  the  calorific  value  of  the  peat  samples  was 
determined  with  the  Mahler  bomb  calorimeter.  It  is  stated  both  in 
calories  and  British  thermal  units  on  both  the  air-dried  and  the 

a  U.  8.  Oeol.  Survey  Bull.  No.  376,  pp.  60-61. 

b  Jour.  Am.  Chem.  Soc.,  vol.  21,  p.  1116. 

•  BolL  U.  S.  OeoL  Surrey  No.  32a,  1907,  pp.  8-10. 
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water-free  basis,  the  latter  being  derived  from  the  former  by  calcu- 
lation.   (See  pp.  61-52.) 

No  attempt  is  made  in  this  report  to  discuss  the  analyses,  which 
are  published  to  give  those  who  wish  either  to  learn  something  of  the 
value  of  peat  for  fuel  in  comparison  with  other  substances  now  in 
use  or  to  determine  the  comparative  possibilities  of  the  peat  from 
some  particular  region  or  deposit.  To  such  persons  the  tables  have 
a  distinct  value,  but,  nevertheless,  it  should  be  remembered  that 
before  a  given  peat  bed  is  exploited  careful  tests  and  €knalyses  should 
be  made  of  many  samples,  so  that  the  uncertainty  arising  from  the 
study  of  a  single  analysis  can  be  eliminated. 
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SBIiECTED  BIBIilOGRAPHY  ON  PEAT. 

Some  of  the  more  important  publications  on  the  uses  of  peat  are 
the  following: 

Anrep,  a.,  jr.    Investigation  of  the  peat  bogs  and  peat  industry  of  Canada  during 

the  season  190^10.    Canada  Dept.  Mines,  Mines  Branch,  Bull.  No.  4.    2d  ed., 

1910. 
Beach,  A.    Peat  fuel.    Proc.  Inst.  Civ.  Eng.,  vol.  147,  1900-1901. 
Beter,  S.  W.    Peat  deposits  in  Iowa.    Iowa  Geol.  Survey,  vol.  19,  689-733. 
BoRDOLLo,  J.    Peat  fuel  production.    Engineer,  Chicago,  vol.  43,  May  15,  1906,  pp. 

334-335. 
Briquets  as  fuel  in  foreign  countries.    Special  Consular  Reports,  No.  27,  Washington, 

1903.    Gives  an  account  of  the  use  and  manufacture  of  peat  and  other  kinds  of 

briquets  in  Europe. 
Carter,  W.  E.  H.    Peat  fuel;  its  manufacture  and  uses.    Rept.  Ontario  Bureau 

Mines  for  1903.    Toronto,  1904.    An  excellent  account  of  Canadian  conditions 

and  methods  of  peat  manufacture  at  the  time  of  publication. 
Danger,  L.    Torfstreu  und  Torfmull,  Lubeck,  Grermany,  1901. 
Davis,  Charles  A.    Origin  and  distribution  of  peat   in  Michigan.    Rept.  Mich. 

State  Bd.  Geol.  Survey,  1906.    Lansing,  1907. 

An  estimate  of  the  peat  resources  of  the  United  States.    Engineering  Magazine, 

vol.  37,  No.  1.    New  York,  1909. 

The  gasification  of  peat,  Cassier^s  Magazine,  vol.  36,  No.  4.    New  York,  1909. 

Production  of  peat  in  United  States  in  1908.    Mineral  Resources  of  the  United 

States,  U.  S.  Geol.  Survey.    Washington,  1909. 

Production  of  peat  in  United  States  in  1909.    Mineral  Resources  o£  the 

United  States.    U.  S.  Geol.  Survey,  Washington,  1911. 

The  preparation  and  uses  of  peat  as  fuel  in  Alaska.    Bull.  U.  S.  Geol.  Survey, 


442,  pp.  101-132. 

Ekekbero,  M.  Fuel  from  peat.  Journal  Iron  and  Steel  Inst.,  No.  1.  London,  1909. 
Ells,  R.  W.  Peat  Industry  in  Canada.  Ann.  Rept.  Ontario  Bureau  Mines,  vol.  2. 
Frxjh,  J.,  and  Schroeter,  C.    Die  Moore  der  Schweiz,  mit  Berucksichtigung  der 

gesamten  Moorfrage.    Beitr.  Geol.  Schweiz,  Geotech.,  ser.  3.    Bern,  1904. 

A  full  description  of  the  peat  deposito  of  Switzerland  and  a  discussion  of  the 

distribution  of  peat  over  the  earth.    Has  an  extensive  bibliography. 
GissiNO,  E.  T.    Commercial  peat;  its  uses  and  it«  possibilities.    London,  1909. 

and  Bjorung,  P.  R.    Peat;  its  use  and  manufacture.    London,  1907. 

Harper,  R.  M.    Preliminary  report  on  the  peat  deposits  of  Florida.    Florida  State 

Geol.  Survey,  3d  Ann.  Rept.,  206-375. 
Hausdino,  a.    Handbuch  der  Torfgewinnung  und  Torfverwertung.    2d  ed.   P. 

Parey.    Berlin,  1904. 
Iowa  Geological  Survey  Bull.  2.    Preliminary  report  on  the  peat  resources  of  Iowa. 

Des  Moines,  1905.    (See  also  Beter,  S.  W.,  above.) 
Johnson,  S.  W.    Peat  and  its  uses.    New  York,  1866. 
Kerr,  W.  A.    Peat  and  its  products.    Glai^w,  1905. 
Koller,  T.    Die  Torfindustrie.    Vienna,  1898. 
Leavitt,  T.  H.    Facts  about  peat.    Boston,  1867.    Reprinted  in  an  abridged  form, 

Boston,  1904. 
Lesquereux,  L.    Origm  of  coal.    Ann.  Rept.  Pennsylvania  Geol.  Survey,  1886,  pp. 

95-121. 
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MacFariand,  T.    Moes  manure.    Bull.  97,  Lab.  Inland  Rev.,  Dept.  of  Canada, 

Ottawa,  1904. 
Michigan  State  Board  Agriculture.    Reports.    Lansing,  1853,  1855,  1865,  1878, 1886. 

State  Board  Geological  Survey.    Ann.  Reports.    Lansing,  1902-1904,  190^ 

1908. 

New  Jbbsbt.    Annual  Report  State  Geologist,  1905.    Trenton,  1906. 
New  Yobk.    Reports  State  Geologist,  Nos.  21,  23.    Albany,  1903,  1904.     . 
Ntsthom,  E.    Peat  and  lignite,  their  manufacture  and  uses  in  Europe.    Canada  Dept. 

of  Mines.    Ottawa,  1908. 
and  Anrbp,  S.  A.    Investigation  of  the  peat  bogs  and  peat  industry  of  Canada 

during  the  season  1908-9.    Canada  Dept.  Mines,  Mines  Branch  Bull.  No.  1. 

Ottawa,  1909. 
Parmelee,  C.  W.,  and  McCourt,  W.  E.    Peat  deposits  of  northern  New  Jersey. 

Ann.  Rept.  State  Geologist  of  New  Jereey,  1905,  pp.  223-313. 
Ryan,  H.    Reports  on  the  Irish  peat  industries.    Econ.  Proc.  Roy.  Soc.,  Dublin, 

vol.  1,  piurts  10,  13.    Dublin,  1907, 1908. 
San  KEY,  H.  R.    The  utilization  of  peat  for  making  gas  or  charcoal  with  recovery  of 

by-products.    Engineering,  Sept.  11,  1908. 
Shaler,  N.  S.    Fluviatile  swamps  of  New  England.    Am.  Jour.  Sci.,  3d  ser.,  No.  33, 

1887. 

Freeh-water  morasses  of  the  United  States.    Tenth  Ann.  Rept.  U.  S.  Geol. 

Survey,  part  2.     1890. 

Origin,  distribution,  and  commercial  value  of  peat  deposits.    Sixteenth  Ann. 

Rept.  U.  S.  Geol.  Survey,  part  4.    1896. 

Peat  and  swamp  soils.    Twelfth  Ann.  Rept.  U.  S.  Geol.  Survey.    1891. 

Swamps  of  the  United  States.    Science,  vol.  7,  Mar.  12,  1886,  pp.  232-233. 

Taylor,  A.  E.    Peat  deposits  of  northern  Indiana.    Ann.  Rept.  Indiana  Dept. 

Geology  and  Nat.  Res.,  1906,  pp.  73-298. 
U.  S.  Department  of  Agriculture,  Bureau  of  Soils.    Soil  Survey  reports  and  maps. 

The  maps  show  distribution  and  extent  of  swamps  in  the  regions  examined. 
U.  S.  Consular  Reports.    Contain  many  references  and  notes  on  peat  utilization  in 

European  countries. 
U.  S.  Geological  Survey.    Peat  deposits  of  Maine.    Bull.  376.    E.  S.  Bastin  and 

C.  A.  Davis.    Washington,  1909. 

Topographic  maps  published  by  the  Survey  show  the  distribution  and  extent 

of  swamps  in  the  areas  covered. 

PERIODICAL  FUBUCATIONS  EXCLUSIVELY  DEVOTED  TO  THE   USES  OF  PEAT  BOGS 

AND  PEAT. 

(1)  The  Journal  of  the  American  Peat  Society.    Quarterly.    Toledo,  Ohio. 

(2)  Mitteilungen  des  Vereins  zur  FOrderung  der  Moorkultiu:  im  deutschen  Reiche. 

Biweekly.    Berlin,  Germany. 

(3)  Osterreichische  Moorzeitschrift.    Monthly.    Staab,  Austria. 

(4)  Zeitschrift  ffir  Moorkultur  und  Torfverwertung.    4-6  numbers  a  year.    Vienna, 

Austria. 

(5)  Svenska  Mosskulturioreningens  Tidskrift.    Bimonthly.    Jonkoping,  Sweden. 

(6)  Schreiber's  Jahresberichte,  Neues  ftber  Moorkultur  und  Torfverwertung.    Annual. 

Staab,  Austria. 

(7)  Die  Verhandlungsberichte  der  Zentral-Moorkommission  in  Preussen. 

(8)  Mitteilungen  des  Hardekulturvereins  ftlr  Schleswig-Holstein. 

(9)  Meddelse  fra  Moeindustrie-Foreningen.    Viboig,  Denmark. 

(10)  Finska  Moeskulturforeningens  Arsbok.    HelsingfoiB,  Finland. 

(11)  Hedeseskabets  Tidskrift.    Aarhus,  Denmark. 

(12)  Mosebladet.    Monthly.    Viboig,  Denmark. 


PUBLICATIONS  ON  FUEL  TESTING. 

The  following  publications,  except  those  to  which  a  price  is  aflSxed, 
can  be  obtained  free  by  applying  to  the  Director  of  the  Bureau  of 
Mines,  Washington,  D.  C.  The  priced  publications  can  be  purchased 
from  the  Superintendent  of  Documents,  Government  Printing  Office, 
Washington,  D.  C: 

PUBLICATIONS  OF  THE   BUBEAU  OF  MINES. 

BxjLLBTiN  1.  The  volatile  matter  of  coal,  by  H.  C.  Porter  and  F.  K.  Ovitz.  1910. 
56  pp.    1  pi. 

Bulletin  2.  North  Dakota  lignite  as  a  fuel  for  power-plant  boilers,  by  D.  T. 
Randall  and  Henry  Rreisinger.    1910.    42  pp.,  1  pi. 

Bulletin  3.  The  coke  industry  of  the  United  States  as  related  to  the  foundry,  by 
Richard  Moldenke.    1910.    32  pp. 

Bulletin  4.  Features  of  producer-gas  power-plant  development  in  Europe,  by 
R.  H.  Femald.    1910.    27  pp.,  4  pis. 

Bulletin  5.  Washing  and  coking  tests  of  coal  at  Denver,  Colo.,  July  1,  190&,  to 
June  30,  1909,  by  A.  W.  Belden,  G.  R.  Delamater,  J.  W.  Groves,  and  K.  M.  Way. 

1910.  62  pp. 

Bulletin  6.  Coals  available  for  illuminating-gas  manufacture,  by  A.  H.  Wldte 
and  Perry  Barker.    1911.    77  pp.,  4  pis. 

Bulletin  7.  Essential  factors  in  the  formation  of  producer  gas,  by  J.  K.  Clement, 
L.  H.  Adams,  and  C.  N.  Haskins.    1911.    58  pp.,  1  pi. 

Bulletin  8.  The  flow  of  heat  through  furnace  walls,  by  W.  T.  Ray  and  Henry 
Kreisinger.    1911.    32  pp. 

Bulletin  9.  Recent  development  of  the  producer-gas  power  plant  in  the  United 
States,  by  R.  H.  Femald.  82  pp.,  2  pis.  Reprint  of  United  States  Geological  Survey 
Bulletin  416. 

Bulletin  11.  The  purchase  of  coal  by  the  Government  under  specifications,  by 
G.  S.  Pope.    80  pp.    Reprint  of  United  States  Greological  Survey  Bulletin  428. 

Bulletin  12.  Apparatus  and  methods  for  the  sampling  and  analysis  of  furnace 
gases,  by  J.  C.  W.  Frazer  and  E.  J.  Hoffman.    1911.    22  pp. 

Bulletin  13.  R^um^  of  producer-gas  investigations,  by  R.  H.  Femald  and  C.  D. 
Smith.    1911.    393  pp.,  12  pis. 

Bulletin  14.  Briquetting  tests  of  lignite,  at  Pittsburgh,  Pa.,  1908-9^  with  a  chapter 
on  sulphite-pitch  binder,  by  C.  L.  Wright.    1911.    64  pp.,  11  pis. 

Technical  Paper  1.  The  sampling  of  coal  in  the  mine,  by  J.  A.  Holmes.  1911. 
18  pp. 

Technical  Paper  2.  The  escape  of  gas  from  coal,  by  H.  C.  Porter  and  F.  K.  Ovitz. 

1911.  14  pp. 

Technical  Paper  3.  Specifications  for  the  purchase  of  fuel  oil  for  the  Government, 
with  directions  for  sampling  oil  and  natural  gas,  by  I.  C.  Allen.    1911.    13  pp. 
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PUBLICATIONS  OF  THE   UNITED  STATES   GEOLOGICAL   SURVEY. 

Professional  Paper  48.  Report  on  the  operations  of  the  coal-testing  plant  of 
the  United  States  Geological  Survey  at  the  Louisiana  Purchase  Exposition,  St. 
Louis,  Mo.,  1904;  E.  W.  Parker,  J.  A.  Holmes,  M.  B.  Campbell,  committee  in  charge. 
1906.    In  three  parts.     1492  pp.,  13  pis.    |1.50. 

BuLLETTN  261.  Preliminary  report  on  the  operations  of  the  coal-testing  plant  of 
the  United  States  Geological  Survey  at  the  Louisiana  Purchase  Exposition,  St. 
Louis,  Mo.,  1904;  E.  W.  Parker,  J.  A  Holmes,  M.  R.  Campbell,  committee  in  charge. 
1906.    172  pp.    10  centB. 

Bulletin  290.  Preliminary  report  on  the  operations  of  the  fuel -testing  plant  of 
the  United  States  Geological  Siurvey  at  St.  Louis,  Mo.,  1905,  by  J.  A.  Holmes.  1906. 
240  pp.    20  cents. 

Bulletin  323.  Experimental  work  conducted  in  the  chemical  laboratory  of  the 
United  States  fuel-testing  plant,  St.  Louis,  Mo.,  January  1,  1905,  to  July  31,  1906, 
by  N.  W.  Lord.     1907.    49  pp.     10  cents. 

Bulletin  325.  A  study  of  four  hundred  steaming  tests  made  at  the  fuel-testing 
plant,  St.  Louis,  Mo.,  1904,  1905,  and  1906,  by  L.  P.  Breckenridge.  1907.  196  pp. 
20  cents. 

Bulletin  332.  Report  of  the  United  States  fuel-testing  plant  at  St.  Louis,  Mo., 
January  1, 1906,  to  June  30,  1907;  J.  A.  Holmes,  in  charge.     1908.    299  pp.    25  cents. 

Bulletin  334.  The  burning  of  coal  without  smoke  in  boiler  plants;  a  preliminary 
report,  by  D.  T.  Randall.     1908.    26  pp.    5  cents.     (See  Bull.  373.) 

Bulletin  336.  Washing  and  coking  tests  of  coal  and  cupola  tests  of  coke,  by 
Richard  Moldenke,  A.  W.  Belden,  and  G.  R.  Delamater.    1908.    76  pp.    10  cents. 

Bulletin  362.  Mine  sampling  and  chemical  analyses  of  coals  tested  at  the  United 
States  fuel-testing  plant,  Norfolk,  Va.,  in  1907,  by  J.  S.  Burrows.  1908.  23  pp. 
5  cents. 

Bulletin  363.  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  loco- 
motives, including  torpedo-boat  tests  and  some  foreign  specifications  for  briquetted 
fuel,  by  W.  F.  M.  Goss.    1908.    57  pp.,  4  pis. 

Bulletin  367.  Significance  of  drafts  in  steam-boiler  practice,  by  W.  T.  Ray  and 
Henry  Kreisinger.    1909.    61  pp. 

Bulletin  368.    Washing  and  coking  tests  of  coal  at  Denver,  Colo.,  by  A.  W.  Belden,  • 
G.  R.  Delamater,  and  J.  W.  Groves.    1909.    54  pp.,  2  pis.    10  cents. 

Bulletin  373.  The  smokeless  combustion  of  coal  in  boiler  plants,  by  D.  T.  Randall 
and  H.  W.  Weeks.    1909.    188  pp.    20  cents. 

Bulletin  382.  The  effect  of  oxygen  in  coal,  by  David  White.  1909.  74  pp., 
3  pis. 

Bulletin  385.  Briquetting  tests  at  the  United  States  fuel-testing  plant,  Norfolk, 
Va.,  1907-«,  by  C.  L.  Wright.    1909.    41  pp.,  9  pis. 

Bulletin  392.  Conmiercial  deductions  from  comparisons  of  gasoline  and  alcohol 
tests  on  internal-combustion  engines,  by  R.  M.  Strong.    1909.    38  pp. 

Bulletin  393.  Incidental  problems  in  gas-producer  tests,  by  R.  H.  Femald, 
C.  D.  Smith,  J.  K.  Clement,  and  H.  A.  Grine.    1909.    29  pp. 

Bulletin  402.  The  utilization  of  fuel  in  locomotive  practice,  by  W.  F.  M.  Goss. 
1909.    28  pp. 

Bulletin  403.  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  the  torpedo 
boat  Biddlcj  by  Walter  T.  Ray  and  Henry  Elreisinger.    1909.    49  pp. 

Bulletin  412.  Tests  of  run-of-mine  and  briquetted  coal  in  a  locomotive  boiler, 
by  Walter  T.  Ray  and  Henry  Kreisinger.    1909.    32  pp. 
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129,133 

Bibliography 204-205 

Biochemical  agencies  in  peat  formation 40 

Black  Lake,  N.  Y.,  peat,  heating  value  of. . .      53, 

121-122 

Blast-fdmaoegas,  calorific  value  of 148 

composition  of 148 

Bkxwningdftle,  N.  Y.,  peat,  analysis  of 196 

Bogs,  peat,  drainage  of ,  importance  of 78 

considerations  determining 36,78 

extent  of,  computation  of 69-70, 71-73 

location  of,  importance  of. 09 

peat  firom,  chemical  tests  of. 73-75 

mechanical  tests  of 75-76 

preparation  of 77 
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Bogs,  peat,  pdoe  of,  bearing  of 103-104 

prospecting  of 71 

considerations  in 72 

importance  of  thorough 72,73,75 

tool  for 71 

smallest  workable 70 

stracture  of,  significance  of 31,39 

utilisation  of 161 

jrield  of,  determination  of 73 

Briquets,  peat,  advantages  of 116 

cost  of  making 11»-121,125 

fuel  efficiency  of 121-122 

method  of  making 1 17 

plants  for,  cost  of 119-121 

preliminary  peat  treatment  for 118-119 

presses  for 1 17 

capacity  of 1 18 

cost  of 120 

properties  of. 117 

British  thermal  unit,  definition  of 50 

Brookfleld,  Conn.,  peat,  analysis  of 186 

Brooksville,  Fla.,  peat,  analysis  of 190 

Brown,  W.  F.,  peat-gas  process  of 142 

Bucksport,  Me.,  peat,  analysis  of 103 

Bureau  of  Mines ,  work  of 7 

By-products  from  coking  peat,  quantity  of.  13G-138 
recovery  of 130 

C. 

Cable  cars  at  peat  plants. 1 08-00 

Cables,  aerial,  at  peat  plants. 00 

Calcareous  matter  in  peat,  source  of 41,42 

Calorie,  definition  of 50 

Calorific  value,  determination  of 51 

of  peat..... 52,186-208 

of  various  fuels 52 

Cambridge,  Mass.,  Gaslight  Co.,  manufacture 

of  peat  gas  by 142 

Cameron,  Wis.,  peat,  analysis  of 201 

Cana8tota,N.Y.,  peat,  analysis  of. 196 

Cape  Elizabeth,  Me.,  peat,  analysb  of. 198 

Capitalisation  of  peat-fuel  plants 84 

Caro,  N.,  on  ammonia-recovery  process 166 

See  alto  Frank^aro. 

Cellulose,  as  constituent  of  peat.. 46 

Charcoal,  peat,  cost  of  making 130 

distillation  process  of  making 126-127 

yieldof. 136 

New  Haven,  Conn.,  plant  for 138 

Charcoal  iron,  manufacture  of,fiom  peat  coke.  138 

Chemical  tests  of  peat,  directions  for 73-75 

Cheiryfleld,  Me.,  peat,  analysis  of. 195 

Cherry  Hill  Mar^,  Conn . ,  i)eat,  analysis  of . .  188 

Chester,  Conn.,  peat,  analysis  of 187 

Cioero,  N.  Y.,  peat,  analysis  of. 198 
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Cioero,  N.  Y.,  peaty  heating  value  of 53 

Clennont,  Fla.,  peat,  analysis  of 190 

Cloth  from  peat 1(»-170 

Coal,  compared  with  air-dried  peat 56 

heating  value  of 52,53 

steaming  tests  of (52 

Coastal  plain,  peat  deposits  in 10 

Coke,  peat,  conclusion  regarding 163 

combustion  temperature  of 130 

German  method  of  making 127 

early  manufacture  of 127-128 

in  United  States,  manufacture  of 138-139 

Lange's  method  for  making 127 

plant  for,  requirements  of. 83 

properties  of. 130-131 

retortrdistillation  for 128 

uses  of. 130, 138 

Ziegler  process  for  making 128-138 

Coking  retorts,  permanent  gases  from 134-136 

Combustion,  effect  of  ash  on 55 

Connecticut  peat,  ash  analysis  of 47-49 

Conveyers  at  peat  plants,  use  of 97, 99 

Creosote  from  peat 132 

production  of 132,136,137 

Coke-oven  gas,  caloriflc  value  of. 148 

oomiKKition  of 148 

Crystal,  Me.,  peat,  analysis  of 193 

Cumberland  Mills,  Me.,  peat,  analysis  of 193 

Cut  peat,  calorific  value  of 58 

defects  of 89-90 

preparation  of 86-89 

used  for  briquets lis 

D. 

Danbury,  Conn.,  peat,  analysis  of 186 

DeKalb,  Iowa,  peat,  analy^  of 192 

Digging  machinery,  types  of. 96-97 

Disinfectant,  peatasa 179 

Dover,  N.  H.,  peat,  analyslsof 197 

Dredges,  dipper,  use  of 96-97 

Drying,  artificial,  effectsof. 09-00, 106 

cost  of 108 

electric  firoceeses  for 1 22-123 

methods  of 100 

profitable  limits  of. 116 

utilization  of  waste  heat  for 109 

DryinggTomid,prei)arationof 100 

Drying  machines,  efficiency  of 115 

rotary,  double-shell 115-116 

European  type  of. 114 

single^hell 115-116 

steam-plate 114 

Dye  stuffs  from  peat 168 

E. 

Eagle  River,  Wis.,  peat,  analysis  of. 202 

East  Haven,  Conn.,  peat,  analysis  of. 188 

East  Lexington,  Mass. ,  peat,  analysis  of 197 

East  Machias,  Me.,  peat,  analysis  of 195 

Eaton   Rapids,    Mich.,    peat-drying   plant 

near 122-123 

Ekelnnd, ,  peat-powder  process  of. .  1 12-1 13 

Ekenberg,  M.,  experiments  of,  on  wet  carbon- 
isation   123-128 

Elbridge,  N.  Y.,  peat,  analysisof 199 

Eldorado,  Fla.,  peat,  analysis  of 190 
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Elevators  at  peat  plants,  nseof. 97 

£llzabethCity,N.C.,  peat,  analysis  of. 199 

Elizabethfehn,  Oermany,  peat-ooke  plant  at. .      139 

Etna,  Me.,  peat,  analysisof. 195 

Eustis,  Fla.,  peat,  analysis  of. 190 

Evaporative  effect  of  peat 61, 62 

of  various  fuels 61, 62 

Everglades,  Fla.,  peat,  analysis  of 160 

F. 

Falls  Point,  Me.,  peat,  analysis  of 195 

Fannington,N.H.,  peat,  analysis  of. 198 

Fertilizer  filler,  peat  as 173-175, 178-179 

Fixed  carbon,  determination  of. 74 

Florence  ViUa,  Fla.,  peat,  analysis  of 192 

Florida  peat,  analysis  of 63 

fueltestof. 62 

gas  yield  from 150 

Frank-Caro  ammonia-recovery  process 159, 166 

gas  producer 150 

Franklin,  Conn.,  peat,  analysis  of 188 

Fond  du  Lac,  Wis.,  peat,  analysis  of. 200, 201 

Forest,  Me.,  peat,  analysisof 195 

Fort  Lauderdale,  Fla.,  peat,  analysis  of 189 

Freemont,  N.  H.,  peat,  analysis  of. 197 

heating  value  of 53 

French  thermal  unit,  definition  of 50, 51 

Fuel,  requirements  of  an  ideal 54 

powdered,  use  of Ill 

See  also  Peat  powder. 

Fuel  value,  determining  factore  of 54 

Fulton,  N.  Y.,  peat,  analysis  of 199 

G. 

Gagen,  Wis.,  peat,  analysis  of 202 

Gas,  fuel,  manufacture  of,  from  peat 143 

uses  of 139-140,148 

See  also  Producer  gas,  blast-fumaoe  gas, 
illuminating  gas,  oil  gas,  peat  gas,  water 
gas. 

Gas  producer,  features  of 144, 145 

peat  as  fuel  for 147,159-160 

types  of 146,158-15© 

Gas-producer  plants,  cost  of 156-158 

Gases,  permanent,  from  peat 134 

G  raphite ,  from  peat  tar 132 

Grasses,  formation  of  peat  from 28 

Green  Grove  Springs,  Fla. ,  peat,  analysis  of. .      189 

Greene,  Me.,  peat,  analysis  of. 193 

Greenland,  N.  H.,  peat,  analysis  of 197 

heating  value  of 53 

Glidden,  Wis.,  peat,  analysis  of 200 

"HalfookE,"  definition  of 131 

H. 

Half  Way,  N.  Y.,  peat,  analysis  of. 199 

Halifax,  Mass.,  peat,  gas-producer  test  of . .  152-153 

Hamburg,  Mich.,  peat,  analysis  of 197 

heating  value  of 53 

Hampton,  Conn. ,  peat,  analysis  of. 180 

Hartford,  Me. ,  peat,  analysis  of 194 

Hastings,  N.  Y.,  peat,  analysis  of 199 

Hayward,  Wis.,  peat,  analysis  of 203 

Heaflord  Junction,  Wis. ,  peat,  analysis  of . . . .  201 
Heating  value.    See  Calorific  value. 
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Heloxyl,  mannliactuiB  of,  trom  peat 170 

Herbs,  peat  fonnation  from ai-a(,40 

Hermon  Center,  Me. ,  peat,  aoalysia  of 105 

Hermon  Pond,  Me.,  peat,  analysis  of 196 

Houlton,  Me.,  peat,  analysis  of 193 

Homus,  definition  of 146 

Hydrocarbons,  volatile,  combustion  of. 64 

"Hydro-extractor,"  use  of 128 

I. 

Illnmlnating  gas,  caloriflo  valna  of 148 

oompofiition  of 14S 

from  peat ,  composition  of HI 

manufacture  of 140 

Indiana  peat,  evaporative  effect  of. 61 

Insulating  material,  peat  as 180 

Inverness,  Fla.,  peat,  analysto of 180 

Iron,  cbaroal,  peat  coke  for  making 138 

compounds  in  peat 47 

sulphide  in  peat,  source  of 42 

Istaehatta,  71a.,  peat,  analysis  of 190 

J. 

Johnson,  S.  W.,  on  peat  ash 47-48 

peat  classification  of 45 

Jonesboro,  Me.,  peat,  analysis  of. 196 

K, 

Kalamazoo,  Mich.,  peat,  analysis  of 197 

Kent,  Conn.,  peat,  analysis  of 187 

heating  value  of 53 

KoT,  W.  A.,  on  producer-gas 148-149 

Kewaunee,  Wis.,  peat,  analysis  of 201 

Kiel,  Wis.,  peat,  analysis  of 201,202 

Kilb(>rry,  Ireland,  electric  drying  plant  at..  122-123 

Killingsworth,  Conn . ,  peat,  analysis  of. 187 

Kittery,  Me. ,  peat,  analysis  of 196 

heating  value  of 53 

Kittery  Point,  Me. ,  peat,  analysis  of. 196 

Koertlng  gas  inoduoer,  gas  yield  lh>m  peat  in .     150 

L. 

Lac  du  Flambeau,  Wis.,  peat,  analysis  of. . . .  202 

Ladysmlth,  Wis.,  peat,  analysis  of 202 

Lake  Panasoflkee,  Fla.,  peat,  analysis  of . . . .  192 

Lakeland,  Fla.,  peat,  analysis  of 192 

La  Martlne,  Wis.,  peat,  heating  value  of 53 

Lambertviile,  Mich.,  peat,  analysis  of 197 

Leesburg,  Fla.,  peat,  analysis  of 190 

Lewlston,  Me.,  peat,  analysis  of 193 

LIgnin,  as  constituent  of  peat 46 

Loomis-Pettibone  gas  producer,  gas  yieU 

from  peat  In 160 

Lynnfield,  Mass.,  peat,  analysis  of 196 

Lyons,  R.  £.,  on  evaporative eflectof  peat 61 

M. 

Macerating  peat,  methods  of 90-92 

Machine  peat,  air-dried,  calorific  value  of 5S,  61 

cost  of 104-105 

definition  of 89 

drying  of 107-110 

'  labor  required  fw  making 106-107 
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MaoblDe  peat,  machines  for  making 9t-W 

operating  season  for 100 

plant  for,  cost  of 101-403 

]Hant  for,  requirements  of lOD-lOl 

probable  output  of 104 

profit  in 106 

prices  of,  in  Amsttfdaan,  HoUnd 02 

steam-dried,  calorific  value  of 58 

steaming  test  of 62 

selling  prices  of 105-106 

Madison,  Wis.,  peat,  analysis  of 200 

heaUng,  value  of 53 

Market,  probable,  for  peat  ftiel 67-68 

Mason,  F.  H.,  on  cost  of  peat^briquet  plants.     120 

Mattresses,  peat  as  material  for 170-171 

Memphis,  N.  Y.,  peat,  analysis  of 199 

Mendota,  Wis.,  peat,  analysis  of 200 

Miami,  Fla.,  peat,  analysis  of 180 

Milton,  Fla.,  peat,  analysis  of 192 

Mlnooqua,  Wis.,  peat,  analysis  of 202 

Moisture  in  peat,  determination  of 74 

effect  of  on  combustion 54,50 

See  alto  Water. 

Mond  gas  inroduoer,  gas  yield  fhm  peat  In 150 

Moss  litter,  manufacture  of 171-172 

marketing  of 172 

Mountain,  Wis.,  peat,  analysis  of 201 

Mosses,  formation  of  peat  from ao 

Mountain  View,  N.  Y.,  peat,  analysis  of. 198 

Mull.    See  Moss  litter. 

Muck,  deflnltfon  of 45 

N. 

Natural  gas,  calorific  value  of 148 

composition  of 148 

New  Auburn,  Wis.,  peat,  analysis  of 200 

New  Durham,  N.  H.,  peat,  analysis  of 196 

heating  value  of 53 

New  Fairfield,  Conn.,  peat,  analysis  of 186 

heating  value  of 63 

New  Haven,  Conn.,  peat,  analysis  of 188 

peat-chsrcoal  plant  at 138 

Newport,  Me.,  peat,  analysis  of 195 

Nicolln,  Me.,  peat,  analysis  of 103 

Nitrates,  peat  as  source  of 167-168 

Nocatee,  Fla.,  peat,  analysis  of 180 

Norway,  Me.,  peat,  analysis  of 194 

Norwood,  Mass.,  peat,  analysis  of 196, 197 

Nystrom,E.,  on  gases  from  coking  retorts...  134 

on  heating  value  of  peat  briquets 121 

on  peat-briquet  plants 110 

on  peat  machines 95 

on  peat  powder 112 

on  producer  gas  from  peat 140,150 

on  wet  carbonisation 124 

O. 

Oakland,  Me.,  peat,  analysis  of 104, 105 

Oak  Orchard,  N.  Y.,  peat,  analysis  of 190 

Ogdensburg,  N.  Y.,  peat,  analysis  of 199 

Oil  gas,  calorific  value  of 148 

composition  of 1 48 

Oldenburg,  Germany,  peat-coking  plant  at.  12S,  134 

Orlando,  FhL,  peat,  gas-producer  test  of. . .  153-156 

producer  gas  from 151 

peat  transportation  at 90 
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P.  FBga 

PaoldDg  material,  peat  as 173,181 

Palatka,  Fla.,  peat,  analysis  of 192 

Palermo,  N.  Y.,  peat,  analysis  of 199 

Paper,  peat  as  material  for 16S-160 

Paradise  Key,  Fla.,  peat,  analysis  of 189 

Paraffin  from  peat,  yield  of 136 

Parkfalls,  Wis.,  peat,  analysis  of 202 

Peat,  advantages  of  as  fuel 63 

air-dried,  oalorlflc  value  of 68,56 

combustion  temperature  of 64 

compared  with  ooal 56 

effect  of  air  on 43 

moisture  content  of 55 

analysis  of 74 

as  gas-producer  fuel 147 

cakirlflc  value  of 58,63, 122 

combustion  of 55,63 

classification  of 45 

color  of 38 

significance  of 38 

composition  of 40-42,46-47 

definition  of 8, 37 

density  of 43-44 

dried,  fuel  value  of 54 

moisture  in 109 

specific  gravity  of 44 

weight  of  per  cubic  foot 44 

effect  of  air  on 55 

fbtmation  of,  conditions  favoring..  16,19,29,35 

as  affecting  quality  of 28 

value  of 39 

biochemical  agencies  in 40 

depths  of 26-27 

effect  of  climatic  changes  on 34 

in  coastal  areas 31 

in  depressions 19,23,34 

in  tidal  marahes 33 

on  flat-land  surfiaoes 28-31 

principles  of,  application  of 35-36 

rate  of 35 

regions  in  North  America  fovorable 

for 16-18 

water  as  agent  in 8 

freshly  dog,  composition  of 54 

ftiel  value  of 54 

fuel  value  of 161 

conclusions  regarding 27 

Ignition  of,  conditions  of 55 

inorganic  material  in 40, 41 

mineral  matter  in 41 

source  of. 47 

moisture  capacity  of 42-44 

moisture  in,  as  related  to  weight  of 78 

organic  material  in 40 

physical  character  of. 45 

properties  of. 8-9, 37-44 

quality  of,  as  related  to  formation  of 36 

to  possible  uses  of 44 

quantity  of,  in  the  United  States 12-13 

saltrmarsh,  characteristics  of 32 

formation  of 32 

value  of 33 

specific  gravity  of 43-44 

texture  of 38 

wignifloanne  of 39 


Peat,  086  o^  in  Canada 10,11 

in  Europe 9,U,66v88 

in  United  States 10,11,14 

variations  in 87 

causes  of. 87 

vegetable  acids  in 46 

matter  in,  significance  of. 44-45 

wster  content  of 37 

water-holding  capacity  of. 42 

weight  of 43-44 

wet,  transportation  of 97-100 

Peat  beds,  lateral  growth  of 34-36 

Peat  bogs  in  North  America,  distribution 

of 16,17 

in  United  States,  distribution  of 13 

map  showing In  pocket 

See  aUOf  Bogs. 
Peat  briquets.   See  Briquets. 
Peat  charcoal.    See  Charcoal,  peat. 
Peat  coke.    See  Coke,  peat. 

Peat  distillation,  products  from 126-143 

Peat  fuel,  calorific  value  ot 57-60 

cost  of,  compared  with  coal 14-15 

factory  for,  cost  of 101 

processes  in 98 

requirements  of. 101 

in  steam  generation 57 

machinery  lor,  selection  of 81 

manufiicture  of,  in  United  States 65 

ftUluresin 66 

market  for,  development  of 67-68 

plant  for,  advantages  of  simple 81 

capital  for 83-84 

capitalization  of 84 

character  of. 82-83 

exi)erimenting  with 85-86 

lay-out  of 79,80-81 

location  of 09, 79 

machinery  for 81-82 

plant  site  for,  choice  of. 79-80 

present  interest  in 9 

probable  market  for 67 

relative  value  of 15 

transportation  of 68 

under  boilers 63-64 

use  of,  history  of 9-12 

in  Europe 56-57 

probable  improvements  in 63-64 

value  of 15, 161 

See  aUo  Cut  peat;  Machine  peat. 

Peat  gas,  calorific  value  of 141, 148 

composition  of. 1 41 

purification  of 141 

yield  of. 142 

Peat  moss.    See  SphoQnum. 

Peat  powder,  as  fuel 112 

calorific  value  of 122 

Canadian  process  of  making 113 

combustion  of Ill 

Ekelimd's  system  of  making 112-113 

equipment  for,  cost  of 114 

European  tests  of 112-113 

manufoctiuY  of 113 

Peat  presses,  early 92-98 

modem  types  of 93 

Peatsoils,  worldngof. 178 
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Peaty  Pmlrie,  Fla.,  peat,  analysis  of. 191 

Pembine,  Wis .,  peat,  analysis  of. 201 

Peshtlgo,  Wis.,  peat,  analysis  of 201 

Petroleum  from  peat,  yield  of 136, 137 

Pittsfleld,  Me.,  peat,  analysis  of 105 

Plants,  aquatic,  in  peat  formation . .  10, 20, 23-24, 30 

effect  of  depth  of  water  on 21-22 

effect  of  sunlight  on 21-22 

growth  of,  conditions  favoring 18-10, 34 

herbaceous,  in  peat  formation 20 

seed,  in  peat  formation 20 

turf-forming,  in  peat  formation 28 

woody.  In  peat  formation 30 

tones  of  growth  of 21, 23 

Pneumatic  collector  for  peat  powder 1 13 

Powell,  Wis.,  peat,  analysis  of. 201 

Producer  gas,  calorific  value  of. 148, 150, 151 

composition  of. 148 

definition  of 144 

formation  of 145 

fh>m  peat,  manufacture  of 147-148, 155 

tests  of 152-155 

utilisation  of 160-161 

yield  of. 149,150 

8u  alto  Oas  producer. 

Producer-gas  plants,  use  of  peat  in 161-162 

Proximate  analysis,  definition  of 40 

Pumps,  use  of,  for  handling  wet  peat 100 

R. 

Racks,  use  of,  for  drying  peat 100 

Redldno,  Russia,  peatrooklng  plant  at 128, 129 

Ridgefleld,  Conn.,  peat,  analysis  of 186 

Rochester,  N.  II.,  peat,  analysis  of 198 

heating  value  of 53 

Rockland,  Me.,  peat,  analysis  of 104 

Rosemary  Junction,  Me.,  peat,  analysis  of . ..  196 

Rushes,  formation  of  peat  from 28 

Ryan,  Hugh,  on  calorific  values  of  fuels 61 

on  peat  by-products 136 

on  producer  gas  from  peat 150 

Rye,  N.H.,  peat,  analysis  of 197 

8. 

Salt-marsh  peat.    See  Peat. 

Sampling  of  bogs,  chemical  tests  In 73 

considerations  In 72 

importance  of 72,73,75 

methods  of 183-184 

tool  for n-72 

Sanitary  appliances  fh)m  peat 170-171 

Saranac  Lake,  N.  Y.,  peat,  analysis  of 198 

Sedgemat,  vegetatlonof 24 

Sedges,  peat  formation  from 28 

Shelbyvllle,  Mlch.r  peat,  analysis  of 197 

Sherman,  Me.,  peat,  analysis  of. 193 

Shoppers  Point,  Me.,  peat,  analysis  of 195 

Shrubs,  peat  formation  from 24-25, 27 

Siliceous  matter  in  peat,  source  of 41, 42 

Skaberjd,  Sweden,  producer^as  plant  at 70 

Smithfield,  Me.,  peat,  analysis  of 195 

Smoke  from  peat  fires,  character  of 64 

South  Lima,  N.  Y.,  peat,  analysis  of 198 
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South  Lubec,  Me.,  i>eat,  analysis  of. 196 

Southern  Inlet,  Me. ,  peat,  analysis  of 195 

Specific  gravity,  determination  of 75 

Spkagnum^  growth  of 25-26, 27, 30 

peat  formation  firom 25,30,39 

texture  of 39 

Spragues,  Me.,  peat,  analysis  of 195 

Stock  food,  peat  as ISO 

Stonlngton,  Conn.,  peat,  analysis  of 188 

Sturgeon  Bay,  Wis.,  peat,  analysis  of. 200 


T. 

Tallahassee,  Pla.,  peat,  analysis  of 

Tanning  materiais,  peat  as  source  of 

Tar,  peat,  projwrties  of 

purification  of 

recovery  of 

utilization  of 

Tar  water,  from  peat,  yield  of 

utilization  of 

Tavaros,  Fla.,  peat,  analysis  of 

Taylor  gas  producer,  gas  yield  lh>m  i>eat  m. 

Thermal  unit,  definition  of 

Thompson,  Conn.,  peat,  analysis  of 

Tramcars  at  peat  plants 

Trees,  coniferous,  in  i)eat  formation 

deddnous,  in  peat  formation 


U. 


191 

168 

131 

132 

131 

131 

136 

133 

191 

150 

50 

188 

96 

25 

26 


49 


Ultimate  analysis,  definition  of 

United  States  Oeological  Survey,  analyses 

by 53,62,122,186-203 

fuel  tests  of 62 

gas-producer  tests  by 7,152-155 

V. 

Vanoeboro,  Me.,  peat,  analysis  of 196 

Volatile  matter,  combustion  of 64 

determination  of 50, 74 

W. 

WaUgren,  Ernest,  on  peat  powder 112 

Washington,  Conn.,  peat,  analysis  of 187 

Water,  as  agent  In  peat  formation 8 

colored,  plant  growth  In 27,35 

in  peat,  evaporation  of 109-110 

percentage  of 37, 55 

removal  of,  by  pressure 42,43 

relation  of,  to  cost  of  peat  fuel 80 

weight  relation  of,  figure  showing 1 10 

plant  growth  in 21 ,  26 

See  Moisture. 

Water  gas,  calorific  value  of 148 

composition  of 148 

definition  of 143 

enrichment  of 143 

Water  level,  relation  of,  to  plant  growth 26 

Waupaca,  Wis.,  peat,  analysis  of 203 

beating  value  of 53 

West  Apopka,  Fla.,  peat,,  analysis  of 191 

West  Monroe,  N.  Y.,  peat,  analysis  of 199 
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NOTE. 


This  bulletin  id  issued  and  distributed  in  the  hope  that  it  may 
lessen  the  accidents  caused  by  the  improper  use  of  explosives  in 
mining  operations.  The  Bureau  of  Mines  will  be  glad  to  receive  any 
suggestions  as  to  additions  or  other  changes  which,  in  the  opinion  of 
readers,  would  increase  the  usefulness  of  this  primer  in  accomplislang 

this  purpose. 

,     . .  •  •    -    ... 
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INTRODUCTION. 


By  J.  A.  Holmes. 


Of  the  common  causes  of  the  larger  mine  accidents,  such  as  falls 
of  roof  and  coal,  gas  and  dust  explosions,  mine  fires,  and  the  misuse  of 
explosives,  all  of  which  are  often  closely  related,  each  must  be  studied 
and  fought  in  a  manner  peculiar  to  itself.  The  last  mentioned,  the 
misuse  of  black  powder  and  other  explosives,  is  sometimes  considered 
the, least  important  of  these  causes  of  mine  accidents;  but  its  impor- 
tance is  much  greater  than  the  statistics  indicate,  for  the  reason 
that  the  misuse  of.  explosives  is  the  true  cause  of  many  of  the  fatal 
mine  fires,  gas  or.  dust  explosions,  and  falls  of  roof  that  are  credited 
to  other  causes. 

Both  the  quantity  of  explosives  used  and  the  number  of  purposes 
to  which  they  are  apphed  are  increasing.  They  are  now  made  at 
about  150  plants,  in  different  parts  of  the  United  States,  and  the 
product  of  a  single  year  is  estimated  at  nearly  500,000,000  pounds. 
Nothing  in  all  this  material  is  a  safe  or  ''safety''  explosive  when 
in  the  hands  of  a  careless  or  ignorant  person ;  and  tlus  is  true  whether 
considered  in  connection  with  the  shipment  or  the  use  of  these 
explosives.  In  addition-  to  the  large  losses  of  life  and  property 
resulting  from  an  improper  use  of  explosives  in  mining,  the  recent 
statistics  of  the  railway  bureau  for  the  safe  transportation  of  explo- 
sives have  shown  more  than  400  persons  killed  or  injured  and  over 
$3,000,000  worth  of  property  destroyed  by  explosives  in  transit  by 
rail.  The  fact  that  three  years  of  cooperative  effort  under  the  wise 
supervision  of  this  bureau  has  reduced  these  losses  to  almost  nothing 
encourages  the  hope  that  similar  cooperative  effort  may  likewise 
greatly  lessen  losses  of  life  and  property  from  the  use  of  explosives 
in  mining. 

The  additions  to  the  large  death  roll  of  our  mines  make  a  recurring 
appeal  to  the  public  for  fair  treatment  of  the  coal-mining  industry, 
and  to  the  miner  and  the  manager  that  they  join  in  every  possible 
effort  for  greater  safety.  It  may  never  be  possible  under  conditions 
such  as  exist  to-day  to  prevent  mine  accidents  entirely.  Little  can 
be  accomplished  in  that  direction  by  either  the  operators  or  the 
miners  working  alone,  but  experience  in  aU  countries  shows  that 
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through  the  hearty  detemuned  cooperation  of  both  the  accidents 
may  be  greatly  reduced.  This  will  require  wise  laws  and  regulations 
based  on  fact  and  experience,  and  the  strictest  possible  discipline. 

The  accidents  resulting  from  the  improper  use  of  explosives  in 
TniniTig  can  be  most  certainly  prevented  (1)  through  the  use  of  the 
best  and  safest  explosives;  (2)  through  the  handling  and  firing  of 
these  explosives  in  the  safest  manner  by  carefully  selected  and 
trained  men;  and  (3)  through  the  strict  and  competent  oversight  of 
these  men. 

This  little  book  on  explosives  is  published  in  the  hope  that  it 
may  aid  in  preventing  such  accidents.  The  aim  has  been  to  tell 
what  explosives  are  and  how  they  should  be  handled,  with  a  view 
to  greater  safety;  and  to  do  this  in  language  free  of  unnecessary 
technicalities.  It  has  been  prepared  by  Charles  E.  Munroe,  con- 
sulting chemist,  and  Clarence  Hall,  explosives  engineer  of  the  Bureau 
of  Mines.  It  has  been  revised  in  the  light  of  suggestions  made  by 
the  mining  engineers  associated  with  the  bureau,  by  several  mine 
managers,  by  experts  associated  with  the  manufacture  of  explosives, 
and  by  Col.  B.  W.  Dunn,  chief  of  the  bureau  for  the  safe  transporta- 
tion of  explosives,  who  has  also  kindly  added  a  brief  chapter  on 
the  transportation  of  explosives. 

Much  of  the  information  in  this  primer  has  been  obtained  from 
experiments  conducted  by  the  technologic  branch  of  the  United 
States  Geological  Survey  at  the  mining  experiment  station  at  Pitts- 
burg, Pa.  This  station,  which  is  now  part  of  the  Bureau  of  Mines, 
was  authorized  for  conducting  investigations  as  to  the  *' causes  of 
mine  explosions.'*  These  investigations  have  shown  the  recent 
development  of  a  new  type  of  short-flame  explosives,  which  can  be 
used  with  greater  safety  than  black  powder  in  mines  where  there  is 
dangerous  gas  or  inflammable  dust,  because  the  flame  from  the 
explosion  of  black  powder  lasts  from  2,500  to  3,500  times  as  long  as 
does  the  flame  from  these  newer  explosives,  and  is  therefore  more 
likely  to  ignite  the  gas  or  dust  in  such  mines. 


A  PRIMER  ON  EXPLOSIVES  FOR  COAL  MINERS. 


By  C.  E.  MtJKBOE  and  Clabsncb  Hall. 


COMBUSTION  AND  EXPLOSION. 

There  is  probably  no  activity  of  nature  with  which  man  is  better 

acquainted  or  has  been  longer  acquainted  than  with 

fire^  of  which  he  has  made  use  from  the  earliest  days 

for  wanning  his  body,  cooking  his  food,  giving  him  light,  and  in  more 

recent  times  for  breaking  down  rock,  for  making  steam,  and  for  other 

purposes.     He  has  observed  that  a  great  number  of  substances  can  be 

burned,  such  as  wood,  charcoal,  coal,  sulphur,  phos* 
coabwtitkto  iub-  phorus,  magnesium,  zinc,  oil  and  gas  in  their  many 

varieties,  and  many  others,  and  he  has  made  use  of 
them  to  produce  heat  and  light.  He  has  noticed  that  when  wood  is 
burned  in  large  sticks  it  is  difficult  to  start  the  fire,  and  that  where 
there  are  but  a  few  large  sticks  the  fire  bums  but  slowly.  When  the 
wood  is  cut  into  kindlings  and  these  are  heaped  together,  they  burn 
more  rapidly.  When  the  kindlings  are  cut  into  shavings  and  these 
are  piled  together,  they  bum  still  more  rapidly;  and  when  the  wood 
is  cut  into  dust  by  means  of  a  saw  and  this  dust  is  suspended  in  the 
air  and  set  on  fire,  it  bums  with  explosive  rapidity. 

The  same  thing  is  found  to  be  true  of  the  other  substances  that 
bum  under  ordinary  circumstances  and  are  therefore  called  com- 
bustible. That  is,  the  more  finely  divided  they  are  and  the  more 
intimately  this  finely  divided  material  is  mixed  with  the  air,  the  more 
rapid  is  the  burning  or  combustion.  This  intimate  mixture  with  the 
air  is  best  attained  with  gases  such  as  marsh  gas  (the  fire  damp  found 
in  mines),  coal  gas  such  as  is  used  for  lighting,  and  acetylene,  or  with 
vapors  such  as  those  from  gasoline;  and  when  these  are  thus  inti- 
mately mixed  with  the  air  the  combustion  goes  on  so  rapidly  that  it 

takes  the  form  of  an  explosion.     Although  an  explo- 
xsidoiioii.  gj^^  j^  easily  produced  by  mixing  combustible  gas  or 

vapor  and  air  in  the  right  proportions,   explosions  may   also   be 
obtained  by  mixing  combustible  dusts  with  the  air  in  the  right 

proportions  and  igniting  them;  and  therefore  we  are 
not  surprised  to  hear  that  explosions  have  been  occa- 
sioned by  mixtures  of  sawdust  or  flour  dust  or  starch  or  sugar  or  soap 
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or  coal  dust  with  the  air.     Many  explosions  thus  produced  are  very 
violent,  and  destroy  life  and  property.     (See  Pis.  II  and  HI.) 

In  each  of  the  kinds  of  combustion  or  explosion  that  have  been 

spoken  of  the  combustible  substance  is  mixed  with 

Air  oMtnazy  to  aij.,  and  that  the  presence  of  air  is  necessary  for  the 

ttoa.  combustion  or  burning  is  proved  by  the  fact  that 

when  w^  cut  off  the  air  from  contact  with  a  burning 
body  the  fire  goes  out,  or,  as  we  say,  we  have  smothered  the  fire. 
The  reason  for  this  has  been  found  in  the  nature  of  one  of  the  sev- 
eral different  substances  that  the  air  is  composed  of.- 
oijgeA  of  tiM  air  T]jig  jg  ^^^  g^  named  oxygen,  which  is  about  one- 

button.  fifth  of  the  whole  volume  of  the  air.     It  is  possible 

to  separate  this  oxygen  from  the  air,  and  when  this 
has  been  done  and  burning  bodies  are  brought  into  contact  with 
this  separated  oxygen  it  is  found  that  they  bum  much  more  rapidly 
than  in  air,  and  that  the  combustion  is  much  more  brilliant.  By 
repeated  experiment  it  has  been  proved  that  all  ordinary  combus- 
tion is  caused  by  the  combination  of  the  combustible  substance 
with  this  oxygen  of  the  atmosphere.  Air  deprived  of  its  oxygen 
will  not  support  combustion  or  life. 

In  view  of  these  facts,  and  in  view,  further,  of  the  fact  that  there 

are  other  substances  in  nature  besides  air  that  con- 
petw.*^  '"^  "***"  ^^^  oxygen  and  will  give  up  this  oxygen  to  com- 
bustible substances,  it  would  seem  probable  that  com- 
bustion could  be  brought  about  through  the  aid  of  such  oxygen- 
containing  bodies;  and  this  was  long  ago  proved  to  be  true.  One  of 
the  first,  if  not  the  first,  of  such  bodies  that  became  known  to  man  is 
saltpeter,  also  called  niter,  or  potassium  nitrate,  which,  because  it 
occurs  as  a  white  efflorescence,  like  frost,  on  the  surface  of  the  soil  in 
India,  has  been  called  India  saltpeter,  although  it  has  been  found  to 
some  extent  in  many  parts  of  the  world. 

If  solid  saltpeter  in  the  dry  condition  is  mixed  quite  thoroughly 

with  a  solid  combustible  substance,  such  as  charcoal, 
ooinbMSon.'*'^'**  the  mixture  bums  easily  when  once  it  is  ignited. 

The  advantage  of  such  a  mixture  is  that  the  oxygen 
which  is  to  support  the  combustion  is  in  close  contact  with  the  char- 
coal which  is  to  be  burned,  and  that,  therefore,  this  substance  or 
mixture  can  be  set  afire  and  will  bum  without  contact  with  the  air, 
and  will  so  continue  to  bum  until  the  charcoal  is  completely  con- 
sumed.    As  a  result  of  the  burning  of  the  charcoal  or  carbon  with 

the  oxygen  of  the  saltpeter  a  gas  is  formed.    As 

f*^^'*®*^^^**''  another  result  of  the  burning  of  this  mixture  of  char- 

hMt&adfM.  coal  and  saltpeter  heat  is  produced,  and  this  heat 

warms  up  the  gas,  so  that  if  it  is  unconfined  its  vol- 
ume becomes  greatly  expanded,  and  if  it  is  confined  it  exerts  pressure 
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and  does  work.  HencO;  if  such  a  mixture  be  burned  in  the  bor^ 
hole  of  a  rock,  it  may  break  down  the  rock,  or  in  the  barrel  of  a  gun, 
it  will  drive  out  the  bullet. 

It  is  found,  however,  that  it  is  not  easy  to  ignite  such  a  mixture  of 

charcoal  and  saltpeter,  even  when  mixed  in  the  best 
smpiiiir  ii  added  possible  way,  and  to  overcome  this  difficulty  use  is 

to  Bute  the  ayztnie  ,         •  i  «  ...  ., 

iCBiteeMUy.  made  of  another  substance  that  igmtes  easily,  one 

which  on  burning  gives  out  heat  enough  to  ignite  the 
mixture  of  charcoal  and  saltpeter.  This  substance  is  sulphur,  or 
brimstone,  such  as  has  been  used  in  the  past  for  the  tips  of  sulphur 
or  brimstone  matches,  for  which  the  same  object  of  easy  ignition 
was  sought.  So  eventually  the  mixture  has  been  made  of  charcoal 
and  saltpeter  and  sulphur,  which  are  finely  ground  and  closely  mixed 
and  then  formed  into  grains,  and  such  a  mixture  is  called  gunpowder. 
As  has  been  pointed  out,  it  is  simple  combustion  that  takes  place 
when  such  mixtures  are  set  afire,  but  on  account  of  the  thoroughness 
of  the  mixing,  the  proportions  in  which  the  different  substances  are 
mixed,  and  the  way  in  which  the  material  is  finally  made  into  grains, 
this  combustion  may  proceed  so  rapidly  that  there  is  an  explosion, 
which  is  powerful  because  the  solid  mixture,  occupying  a  very  small 
space,  gives  on  combustion  a  large  volume  of  highly  heated  gases. 
About  1821  there  was  discovered  in  the  desert  regions  of  Peru  and 

Chile  another  saltpeter,  sodium  nitrate,  which  has 
oo^iuL'oaT^^*'  coibe  to  be  known  by  the  name  of  Chile  saltpeter. 

Like  the  India  saltpeter,  potassium  nitrate,  it  con- 
tains oxygen,  and  it  will  give  up  its  oxygen  to  combustible  substances 
with  ease  at  a  relatively  low  temperature.  Hence  a  mixture  of  it 
with  charcoal  (known  also  as  carbon)  and  sulphur  makes  a  body 
similar  to  that  produced  with  the  India  saltpeter,  and  since  1857  such 
a  mixture  has  been  extensively  used,  especially  in  this  country,  for 
blasting  in  rock  and  in  mines. 
Besides  the  India  and  the  Chile  saltpeters,  many  other  solid  sub- 
stances that  contain  oxygen  and  will  give  up  their 
ij^^*"  la  other  Q^yg^j^  easily,  on  heating,  to  combustible  substances 

have  become  known,  and  many  of  them  have  been 
tried  in  the  formation  of  explosive  mixtures.  Though  one  or  two  of 
them  are  used  to  some  extent,  as  will  be  shown  further  on,  none  are 
used  so  largely  as  the  saltpeters. 
It  has  also  been  found  that  we  can  get  the  oxygen  out  of  the  salt- 
peters in  other  ways  than  by  firing  an  explosive 
^^intto^aoid  from  jj^jxture,  as,  for  instance,  by  heating  either  the  India 

or  the  Chile  saltpeter  in  a  proper  manner  with  sul- 
phuric acid,  when  we  obtain  from  them  nitric  acid,  which  contains 
all  of  the  oxygen  originally  in  the  saltpeters.    It  has  further  been 
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learned  that  when  substances  Uke  cotton  or  starch  or  glycerin  are 

treated  with  nitric  acid  in  the  proper  waj  there  are 

Pnttjac  oxjfn  formed,  from  the  cotton,  guncotton,  or  nitrocelhilose, 

tato^tton,  gijMr-  ^  j^  j^  ^j^^  caDed;  from  the  starch,    nitrostarch; 

from  the  glycmn,  nitroglycerin;  and  through  this 
means  the  cotton,  the  starch,  and  the  glycerin,  which  are  all  com- 
bustible substances,  are  converted  into  substances  much  more  highly 
explosive  and  more  powerful  than  mixtures  made  with  the  saltpeter 
and  sulphur  and  combustible  substances.  In  fact,  such  bodies  can 
be  made  to  explode  by  a  shock  such  as  is  produced  by  a  detonator 
or  blasting  cap  when  fired  in  contact  with  them,  and  the  explosion  is 
extremely  rapid  and  very  much  more  powerful  than  that  of  the  salt- 
peter mixtures. 

It  has  also  been  found  that  by  the  action  of  alcohol  upon  nitric- 
acid  solutions  of  metals,  such  as  copper  or  silver  or  mercury,  under 
proper  precautions,  substances  may  be  formed  which  are  still  more 
sensitive  and  still  more  violent  in  their  explosive  effects  than  gun* 

cotton  or  nitroglycerin.     The  best  known  and  tiie 
i«  amd  most  widely  used  of  these  substances  is  fulminate 


S^m^Bm'"'"'*^^  of  mercury.  Wlien  dry,  this  substance  is  so  sensi- 
tive that  a  very  slight  blow,  very  httle  friction,  or  a 
slight  rise  in  temperature  will  cause  it  to  explode,  and  on  explosion 
it  produces  a  shattering  effect  upon  any  substance  with  which  it  is 
in  contact.  Moreover,  the  character  of  its  explosion  is  such  that  if 
but  a  small  mass  of  it  is  exploded  in  proper  contact  with  guncotton 
or  nitroglycerin  or  dynamite  or  other  similar  explosive,  it  will  cause 
each  of  them  to  undergo  a  very  violent  explosion,  which  also  will 
produce  a  shattering  effect  on  the  bodies  with  which  they  are  in 
contact. 

From  what  has  been  said  it  will  be  seen  that  there  are  at  l^ast  two 
classes  of  explosives.  One  class  is  the  saltpeter  mixtures,  in  which 
an  explosion  is  brought  about  by  simple  combustion  that  proceeds 
rapidly  and  gives  rise  to  a  large  volume  of  highly  heated  gases,  though 
almost  one-half  of  the  mass  remains  as  a  soUd  residue.    Explosives 

of  this  class  exert  a  relatively  slow  pushing  effect 
upon  the  substances  with  which  they  are  in  contact 
when  they  explode,  and  are  called  **low"  explosives.  In  the  other 
class  are  explosives  of  the  character  of  guncotton  and  nitroglycerin, 
which  undergo  explosion  by  being  suddenly  and  wholly  resolved 
into  a  large  volume  of  highly  heated  gases,  the  change  proceeding 
many  times  faster  than  the  combustion  that  takes  place  in  the  salt- 
peter class  of  explosives.    Because  of  their  speed  and  power  these 

explosives  have  a  shattering  effect  upon  the  sub- 

stances  with  which  they  are  in  contact,  and  are  known 

as  '^high"  explosives,  and  also  sometimes  as  detonating  explosives. 
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Every  explosive,  when  exploded,  exerts  pressure  in  every  direc* 

tion.     When  laid  on  top  of  a  rock  and  exploded,  gun- 

coaiiiieiiMnt    m-  powder  and  other  low  explosives  do  not  affect  the 

pioiifei.  rock,  because  they  explode  so  slowly  that  the  gases 

formed  can  lift  the  air  above  them  and  escape;  but 
dynamite,  fulminate  of  mercury,  and  other  high  explosives,  if  laid 
upon  brittle  or  soft  rock  and  detonated,  may  shatter  it,  because  they 
explode  so  quickly  that  the  gases  formed  can  not  lift  the  large  volume 
of  air  which  confines  them  without  pressing  back  forcibly  against  the 
rock.  (See  PL  IV,  -4.)  This  confinement  by  air  is  not,  however, 
close  enough  to  give  the  best  result  with  any  explosive.  By  boring 
a  hole  in  rock  and  tamping  the  explosive  firmly  in  it,  gunpowder  and 
other  low  explosives  may  be  made  to  break  the  rock,  or  a  much  less 
quantity  of  high  explosive  will  break  the  rock  than  is  required  to 
break  it  when  laid  upon  it.  Confining  an  explosive  is  the  cheapest 
and  best  way  to  use  it. 
It  is  foolish  and  dangerous  for  an  inexperienced  person  to  attempt 

to  manufacture  any  kind  of  an  explosive  except 
Folly  of  attempt-  under  the  supervision  and  direction  of  a  trustworthy 
atras.  person  who  is  skilled  in  the  art.    Many  serious  acci- 

dents, which  have  destroyed  Uves  or  inflicted  injury 
on  persons  and  property,  have  been  caused  by  such  attempts. 


BXPIiOSIVBS. 

As  may  be  inferred  from  what  has  already  been  said,  a  large  num- 
ber of  substances  are  known  and  used  as  explosives. 
The  one  longest  known  and  used  is  gunpowder,  which 
has  certainly  been  used  since  early  in  the  fourteenth  century.  This 
is  made  by  intimately  mixing  75  parts  of  India  saltpeter  (potas- 
sium nitrate)  with  15  parts  of  charcoal  and  10  parts  of  sulphur. 
Each  of  these  ingredients  is  ground  to  a  fine  powder,  and  then  they 
are  ground  together  while  moistened  with  water,  in  the  proportions 
given,  until  the  mixing  is  complete.  The  material  is  pressed  into 
cakes,  which  are  tlien  broken  up  into  grains,  which  are  dried,  glazed 
by  rubbing,  and  sorted  by  the  aid  of  sieves  into  the  various  desired 
sizes. 

Formerly  this  India  saltpeter  powder  was  used  both  in  guns  and 

in  blasting,  and  while  to-day  some  of  it  is  used 
^nndk  biaitiAff  ^  blasting,  the  larger  part  of  what  is  used  in  this 

country  under  the  name  of  black  blasting  powder  is 
composed  of  73  parts  of  Chile  saltpeter  (sodium  nitrate  or  nitrate  of 
soda),  16  parts  of  charcoal,  and  1 1  parts  of  sulphur.  This  black  blast- 
ing powder  is  made  in  a  manner  similar  to  tliat  described  for  gunpow- 
der, but  less  time  is  spent  in  making  the  mixture,  and  the  charcoal  is 
usually  obtained  from  coarser-grained  woods.  The  Chile  saltpeter  will 
supply  more  oxygen,  and  supply  it  more  easily,  than  the  India 
saltpeter,  and  therefore  is  a  better  and  cheaper  oxidizing  agent;  but 
the  Chile  saltpeter  is  not  used  in  the  manufacture  of  gunpowder 
because  when  it  is  exposed  to  moist  air  it  takes  up  water  by  absorption 

from  tlie  air  and  becomes  wet.  So  powder  or  other 
6juupwn^  ''^"  explosives    in    which    this    Chile   saltpeter    (nitrate 

«of  soda)  is  used  likewise  take  up  moisture  when 
exposed  to  the  air  and  become  damp,  so  that  it  is  difficult,  and 
sometimes  impossible,  to  set  fire  to  them.  As  gunpowder  for 
use  in  guns  and  firearms  must  often  be  kept  for  a  great  many 
years,  and  yet  always  be  in  such  condition  that  it  can  be  fired 
at  any  moment  with  certainty,  this  property  of  absorbing  moisture 
from  the  air  makes  the  nitrate  of  soda  unfit  for  use  in  gunpowder; 

but  blasting  powder  is  not  expected  to  be  stored  for 

XMp  powder  dry.  j.  •  x        •  -x  ♦  -x  'i^i 

years,  and  m  magazmes  at  mmes  it  is  quite  possible 
to  store  it  for  a  while  so  as  to  protect  it  from  exposure  to  damp  air. 
Besides,  by  proper  management  it  is  possible  to  obtain  this  blasting 
powder  fresh  from  the  manufacturer  and  use  it  promptly  while  in 

16 
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that  condition;  hence  advantage  may  be  taken,  for  economic  use, 
of  the  superior  efficiency  and  cheapneasi  of  the  nitrate  of  soda  in 
the  manufacture  of  blasting  powders  if  we  keep  them  dry. 
Black  blasting  powder  comes  into  the  market  in  the  form  of  grains 

whose  edges  have  been  rounded  off  by  rubbing 
poVd^y  **"'  together  in  a  revolving  barrel  and  which  are  usually 

coated  on  the  surface,  or  glazed,  as  it  is  termed, 
with  graphite,  or  black  lead.  The  object  in  rounding  and  glazing 
the  grains  is  to  render  them  free  running,  and  the  glazing  also 
serves  to  delay  somewhat  tlie  taking  up  of  moisture  from  the  air  by 
the  grains. 
The  powder  is  divided  into  grades  according  to  the  size  of  grains, 

as  separated  and  collected  by  sieves  of  different  sizes 
of   powder  ^f  openings.     (See  PI.  IV,  B.)    The  sizes  most  usu- 

aUy  offered  for  sale  are  called  CCC,  CC,  C,  F,  FF,  FFF, 
and  FFFF.  Of  these,  CCC  represents  the  largest  grains,  about  five- 
eighths  inch  in  diameter,  and  FFFF  represents  the  smallest  grains, 
about  one-sixteenth  inch  in  diameter.  (See  PL  V,  A,)  The  rela- 
tion between  the  letters  designating  the  sizes  of  the  powder  grains 
and  the  sieves  by  which  iixe  different  sizes  are  separated  is  shown 
in  the  following  table: 

Relation  between  sizes  of  black  blasting  powder  and  separating  sieve. 
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To  get  the  best  results  in  the  use  of  this  powder  in  ordinary  blast- 
ing, the  grains  should  be  of  uniform  size,  so  that 
JwM  tn^u^fc*  the  miner,  having  determined  the  best  size  of  charge, 

may  have  no  difficulty  in  repeating  it.  Unfortunately 
not  enough  care  is  taken  in  separating  the  grains 
into  the  different  sizes,  and  powders  have  appeared  in  the  market 
in  which  a  considerable  number  of  different  sizes  of  grains  were 
mixed  together,  so  that  the  miner  has  obtained  quite  different  re- 
sults from  his  different  shots  in  the  same  mine  of  coal  with  the 
same  grade  of  powder.  (See  PI.  V,  B.)  Moreover,  where  lai^e  and 
small  grains  of  powder  are  mixed  in  a  charge,  the  fine  grains,  which 

99160*— Bull.  17—11 2 
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bum  freely,  may  produce  in  burning  enough  pressure  to  throw  the 
lai^e  grains  out  into  the  mine  where  they  can  set  the  gas  and  dust 
afire.    This  makes  such  a  mixture  of  grains  a  dangerous  one  in  use. 
It  has  ah*eady  been  said  that  many  other  substances  besides 

India  saltpeter  (potassium  nitrate)  and  Chile  saltpeter 
^Potefldot    chio-  (gQjimn  nitrate)  4ire  known  which  contain  oxygen  in 

such  quantity  and  in  such  manner  that  they  may  be 
used  as  the  oxidizing  agents  in  forming  explosives.  Among  these 
is  the  substance  known  as  potassiiun  chlorate.  More  than  100 
years  ago  an  eminent  French  chemist  showed  that  when  it  was 
mixed  with  combustible  substances  a  most  powerful  explosive  was 
produced;  but,  unfortunately,  this  mixture  was  foimd  to  be  so 
sensitive  to  friction,  blows,  and  heat  as  to  endanger  the  lives  of 
those  who  sought  to  handle  and  use  it.  Many  of  the  mixtures 
produced  with  potassium  chlorate  are  so  easy  to  prepare  and  explode 
with  such  violence  that  a  great  many  persons  have  been  tempted 
to  make  them,  but  until  recently  all  those  that  have  been  devised 
have  been  rejected  as  unfit  for  use  because  they  were  liable  to  destroy 
those  who  attempted  to  make  or  use  them.  It  is  found,  however, 
that  when  dry  and  finely  ground  potassium  chlorate  is  mixed  with 
a  body  Uke  starch,  and  with  oil  and  other  substances,  an  explosive 
is  produced  that  is  fairly  safe  to  handle.  Mixtures  of  this  nature 
have  met  with  some  use  in  Europe. 

Attention  has  also  been  called  (p.  14)  to  the  fact  that  when  puri- 
fied dry  cotton  is  immersed  in  nitric  acid  in  the 
proper  manner  it  is  changed  into  an  explosive  sub- 
stance through  reaction  with  the  nitric  acid.  When  we  withdraw  the 
fibrous  cotton  from  the  nitric  acid,  wash  it  thoroughly  to  remove  any 
acid  that  sticks  to  it,  and  then  carefully  dry  it  at  a  low  temperature, 
the  cotton  appears  unchanged  to  the  eye,  even  when  examined  most 
carefully.  It  has,  however,  become  a  Uttle  harsh  to  the  touch. 
When  rubbed,  it  becomes  electrified  so  that  it  sticks  to  the  fingers, 
and  when  a  flame  is  applied  to  it,  flashes  ofT  with  great  rapidity. 
In  practice,  a  mixture  of  sulphuric  acid  is  used  with  the  nitric  acid  in 
nitrating  the  cotton.  By  varying  the  strength  and  the  proportions  of 
the  nitric  and  sulphuric  acids,  their  temperature  when  the  cotton  is 
dipped  in  them,  and  the  length  of  time  that  the  cotton  is  in  them, 
we  can  get  a  number  of  different  products  varying  in  the  rate  at 
which  they  will  burn  and  in  the  degree  to  which  they  are  soluble  in 
various  solvents;  but  every  such  product  results  from  the  replace- 
ment of  more  or  less  of  the  element  known  as  hydrogen,  which  was 
present  in  the  cotton,  by  nitrogen  and  oxygen  (indicated  by  the 
formula  NO,),  which  came  from  the  nitric  acid.  Such  a  product, 
obtained  by  the  action  of  the  nitric  acid  on  the  cotton,  will  take 
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fire  and  bum  the  more  easily  the  greater  the  number  of  NO,  groups 
that  have  replaced  hydrogen  in  the  cotton.  We  may,  for  con- 
venience, divide  these  various  products  into  two  classes.  Those 
which  contain  the  fewer  of  these  NO,  groups  are  called  pyroxylin,  or 
soluble  nitrocellulose,  or  collodion  cotton,  and  those  which  contain 
the  greater  number  of  the  NO,  groups  are  known  as  gun  cotton.  In 
the  manufacture  of  gun  cotton  the  very  strongest  nitric  and  sulphuric 
acids  are  used.  After  the  product  has  been  washed  so  as  to  remove 
most  of  the  acid  sticking  to  it,  it  is  pulped  while  wet  into  a  fine  powder 
in  a  machine  such  as  is  used  in  pulping  paper  stock,  and  when  the 
gun  cotton  has  been  washed  in  this  pbwdered  condition  so  as  to 
remove  the  last  traces  of  acid,  it  is  molded  into  blocks  and  is  used 
as  an  explosive  in  that  form. 

Nitroglycerin   is   prepared    by   slowly   running  glycerin   into   a 

mixture  of  the  strongest  nitric  and  sulphuric  acids, 
the  whole  being  stirred  and  kept  cool  during  the 
process  of  mixing.  The  reaction  which  takes  place  between  the 
glycerin  and  the  nitric  acid  is  similar  to  that  which  takes  place  with 
the  cotton.  As  a  result  of  the  reaction,  NO,  group^from  the  nitric 
acid  replace  hydrogen  in  the  glycerin,  and  the  mild,  sweet,  harmless 
glycerin  is  thereby  changed  into  the  powerful  and  dangerous  explo- 
sive nitroglycerin.  Nitroglycerin  is  a  rather  dense  oil-like  liquid. 
When  pure  it  is  colorless,  but  as  it  appears  in  the  market  it  is  usually 
pale  yellow.  It  is  somewhat  poisonous,  and  one  can  be  poisoned  by 
it  not  only  through  the  mouth  but  also  by  breathing  its  vapors  or  by 
allowing  the  liquid  to  touch  the  skin.  A  drop  of  it  touching  the  tip 
of  the  finger  will  usually  soon  produce  a  violent  headache.  Fortu- 
nately, most  persons  lose  their  sensitiveness  to  poisoning  after 
repeated  contact,  so  that  they  cease  to  have  the  headache,  but  it 

would  still  be  dangerous  for  these  persons  to  get  any 
^jmrogiyc«rin  ^£  ^j^^  nitroglycerin  into  the  mouth.     Nitroglycerin 

may  freeze  after  some  exposure  to  a  temperature  of 
52®  F.  (see  p.  27)  and  it  must  be  thawed  before  it  can  be  properly 
used  as  an  explosive. 

Being  a  liquid,  nitroglycerin  is  especially  dangerous  for  ordinary 

use,  because  it  may  escape  from  the  cans  or  other 
Liquid  ttitro-  yessels  in  which  it  is  carried  or  stored  and  run  off 

to  considerable  distances,  so  as  to  increase  the  chances 


of  accidental  explosion  by  a  blow,  or  friction,  or  heat; 
and  also  because  it  may,  when  placed  in  a  bore  hole,  leak  out  into 
crevices  or  seams  in  the  rock,  and  when  fired  give  most  undesirable 
results.  In  fact,  during  the  middle  of  the  last  century,  when  it  was 
offered  for  use,  so  many  accidents  occurred  that  many  countries,  by 
law,  forbade  its  use  or  manufacture.     We  can,  however,  prevent  a 
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liquid  from  flowing  about  by  absorbing  it  in  a  porous  bodyi  like  a 
sponge.     This  has  been  done  with  nitroglycerin,  and  the  product  is 

called  dynamite.  Dynamite  consists  of  nitroglycerin 
absorbed  in  a  solid  body  called  the  dope.  There  are 
many  dynamites.  One  of  the  earliest  known  and  used  was  made  by 
absorbing  the  nitroglycerin  in  powdered  ''rotten  stone."  As  ihe 
''rotten  stone"  could  neither  bum  nor  explode,  it  was  called  an  in- 
active dope,  and  there  are  several  varieties  of  dynamites  with  in- 
active dopes.  On  the  other  hand,  nitroglycerin  may  be  absorbed  in 
gunpowder.  As  the  gunpowder  explodes,  as  well  as  the  nitroglycerin, 
when  the  dynamite  is  fired,  *the  gunpowder  is  called  an  active  dope. 
There  are  a  laige  number  of  dynamites  made  with  active  dopes,  and 
with  varying  percentages  of  nitroglycerin.  The  standard  straight 
dynamite  used  at  the  Pittsburg  testing  station  may  be  taken  as  an 
example  of  a  dynamite  with  an  active  dope.  It  consists  of  the 
following: 

CompoMon  of$Umdard  Hraight  dynamite. 

Per  cent. 
Nitroglycerin 40 

Nitrate  of  ao^  (sodium  nitrate) 44 

Wood  pulp 15 

Carbonate  of  lime  (calcium  carbonate; 1 

100 

Since  it  is  a  liquid,  nitroglycerin,  like  other  liquids,  acts  as  a  sol- 
vent, and  it  has  been  found  that  under  certain  con- 
EipioiiTe    s«iatin  ditions  it  can  dissolve  soluble  nitrocellulose,  and  that 
mita.  the   mixture    thus   formed    will  set   to   a   jelly-like 

mass.  In  this  way,  or  sometimes  by  the  use  of 
other  solvents  also,  the  substance  known  as  explosive  gelatin  is 
formed,  a  substance  that  in  some  raspects  is  regarded  as  the  most 
nearly  *' ideal''  explosive.  However,  it  is  too  powerful  for  ordinary 
use  in  blasting,  and  it  is  therefore  diluted  by  mixing  it  with  a  dope, 
such  as  the  nitrate  of  soda  and  wood  pulp  used  in  straight  dyna- 
mite.    The  mixture  so  formed  is  known  as  gelatin  dynamite. 

It  has   already  been  said   that  nitroglycerin  when  exposed   to 

ordinary  winter  temperatures  will  freeze.     Dynamite 
Au  espioiivesooB-  explosive   gelatin,    and  gelatin   dynamite   will   also 

freeze,  because  all  of  them  contain  nitroglycerin,  and, 


like  nitroglycerin,  all  of  these  substances  should  be 
properly  thawed  before  any  attempt  is  made  to  use  them. 
Each  of  these  substances  is  put  upon  the  market  in  the  form  of 

sticks  or  cartridges,  which  are  made  by  wrapping 
^^Bi^nainitt  tax-  ^^  cylinders  of  the  material  in  paper.     The  wrap- 
pers for  dynamite  and  gelatin  dynamite  are  paraf- 
fined to  protect  them  from  the  action  of  water  and  the  moisture  in 
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the  air;  because  they  contain  nitrate  of  soda  and  hence  may  absorb 
moisture  and  become  spoiled,  and  develop  new  sources  of  danger 
in  handling  and  use.  These  sticks  usually  vary  in  size  from  seven- 
eighths  inch  to  2^  inches  in  diameter,  and  they  are  usually  8  inches 

long.  They  are  usually  packed  in  cases  containing 
60  pounds  each.  The  mark  '^This  side  up/'  or  a 
design  on  the  top  of  the  case,  shows  the  position  in  which  the  car- 
tridges are  packed.  The  cases  should  always  be  placed  so  that  the 
cartridges  lie  on  their  sides,  and  they  do  lie  so  vrhem  the  cases  are 
stored  with  their  top  sides  up. 

For  use  m  coal  mines  it  is  suggested  that  the  explosive  be  packed 
in  cases  or  cartons  containing  the  weight  which  the  law  of  the  district 
petmits  being  taken  into  the  mine.     (See  PL  VI,  B.) 

Besides  cotton  and  glycerin,  there  are  a  large  number  of  substances, 
such  as  sugar  and  starch,  that  are  chemically  related  to  cotton  and 
glycerin  and  through  the  action  of  nitric  acid,  particularly  in  the 
presence  of  sulphuric  acid,  give  rise  to  explosive  substances.     Many 

of  these  have  been  produced,  but  so^alled  nitrostarch 
is  the  only  one  that  seems  to  have  any  commercial 
importance.     During   the   last    10  years  this  has  attracted  some 
attention,  and  it  has  been  offered  for  use  both  in  this  country  and  in 
Europe.     It  is  a  finely  powdered  substance  like  starch  itself,  but  it 
does  not  need,  as  starch  does,  to  be  suspended  in  the  air  in  order  to 
explode  on  ignition,  because  even  when  in  a  pile  it  will  bum  with 
great  rapidity  if  set  afire,  and  through  the  action  of  a  detonator  it 
explodes  with  great  violence.    It  is  not  yet  used  by  itself,  but  is 
used  as  a  component  in  various  explosive  mixtures,  particularly 
dynamites. 
Attention  has  been  called  to  the  use  of  potassium  nitrate  and  so- 
dium nitrate  in  the  manufacture  of  explosives.    In 
^^»onim»  B^  recent  years  another  nitrate^  formed  by  the  union 

of  ammonia  with  nitric  acid  and  known  as  ammo- 
nium nitrate,  has  come  to  be  somewhat  largely  used.  It  has  been 
used  in  this  country  for  more  than  a  quarter  of  a  century  in  the  man- 
ufacture of  some  dynamites,  taking  the  place  of  sodium  nitrate  and 
having  the  advantage  over  it  that  on  explosion  it  goes  completely 
into  gases;  but  it  has  come  to  be  used  in  Europe  in  the  manufacture 
of  special  explosives  for  use  in  coal  mines,  for  the  reason  that  on  ex- 
plosion it  forms  a  large  amount  of  water,  and  this  lowers  the  tem- 
perature of  all  the  products  of  the  explosion.  In  the  making  of  sev- 
eral of  these  ammonium-nitrate  powders,  various  substances  ob^ 
tained  from  coal  tar,  which  generally  have  been  acted  upon  by  nitric 
acid,  are  mixed  with  the  ammonium  nitrate. 
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The  substances  derived  from  the  coal  tar,  after  having  been  acted 

upon  by  the  nitric  acid,  are  known  as  nitrosubstitu- 
eomi^dir'*""'*''  tion  compounds.    One  of  the  best  and  longest  known 

of  the  substances  obtained  from  coal  tar  is  caiv 
bolic  acid,  and  when  this  acid  reacts  with  strong  nitric  acid  it  gives 
us  the  nitrosubstitution  compound  known  as  picric  acid.  Other 
substances  obtained  from  coal  tar  that  are  pretty  well  known  are 
benzene,  toluene,  and  naphthalene.  When  these  are  acted  upon  by 
nitric  acid  we  obtain  from  them  the  nitrosubstitution  compounds 
known  as  nitrobenzene,  nitrotoluene,  and  nitronaphthalene.  These 
are  but  a  few  of  the  many  substances  that  may  be  obtained  from 
coal  tar  and  furnish,  through  the  action  of  nitric  acid  upon  them, 
nitrosubstitution  compounds.  All  the  nitrosubstitution  compounds 
will  form  explosives  when  mixed  with  oxidizing  agents  such  as 
ammonium  nitrate,  or  other  nitrates,  or  chlorates,  and  man}'^  ex- 
plosives have  been  made  from  such  mixtures.  Moreover,  these 
nitrosubstitution  compounds  have  been  used  as  components  of 
dynamites,  particularly  because  they  lower  the  freezing  point  of  the 
nitroglycerin  in  the  dynamites. 

The  nitrosubstitution  compounds  are  so  called  because  the  NO, 

groups  in  them,  obtained  from  the  nitric  acid,  are 
ttttton  ^wMoraidi  directly  connected  to  the  carbon  atoms  in  the  original 
aniocioied.  material,  replacing  hydrogen  atoms;  whereas  in  gun 

cotton,  nitroglycerin,  and  bodies  of  that  sort,  the 
NO,  groups  are  linked  to  the  carbon  atoms  of  the  original  substance 
by  means  of  atoms  of  oxygen.  The  nitrosubstitution  compounds 
are  usually  yellowish  to  red  crystalline  soUds,  but  as  most  of  these 
soUds  are  easily  melted,  they  are  often  sent  out  in  compact  masses. 
A  few  of  them  are  liquids  at  ordinary  temperatures,  and  they  have 
a  marked  aromatic  odor.  Some  of  these  substances  are  poisonous. 
Great  care  should  be  taken  in  handling  all  of  them,  and  one  should 
especially  avoid  breathing  their  vapors. 

As  has  been  stated  above,  the  most  common  fulminates  are  pro- 
yniw.fa«*^  duced  by  dissolving  a  metal,  such  as  mercury,  in  a 

strong  nitric  acid,  and  pouring  the  solution  into 
common  alcohol.  When  the  proportions  used  are  correct  and  the 
operation  is  carried  out  in  a  proper  maimer,  after  an  apparently  vio- 
lent reaction  there  will  be  produced  a  mass  of  fine,  gray  crystals  that 
look  quite  aUke.  These  crystals  are  fulminate  oiF  mercury,  or  mer- 
cury fulminate.  The  crystalline  powder  thus  produced  is  washed  with 
water  to  free  it  from  acidsj  and  because  qf  its  extreme  sensitiveness 
it  is  kept  soaked  with  water  until  desired  for  use.  It  is  principally 
used  in  loading  blasting  caps  or  detonators,  and  for  this  purpose  the 
water  may  be  removed  from  it  by  alcohol  and  it  may  be  loaded  into 
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the  copper  capsules  while  wet  with  alcohol;  but  it  should  be  always 
borne  in  mind  that  this  mercury  fulminate,  even  when  thoroughly 

soaked  with  or  sunk  under  water  or  alcohol,  will 
^]^^y  with  fni-  explode  with  tremendous  violence  if  only  a  small 

amount  of  the  dry  fulminate  be  exploded  while 

touching  it;  or  very  near  it.     Hence  extreme  precautions  should 

always  be  taken  with  mercury  fulminate;  whether  the  substance  be 

wet  or  dry. 

The  manufacture  of  explosives  is  by  no  means  simple.    Unless  all 

the  materials  are  of  the  proper  kind  and  in  the  proper 

Warning   againit  condition,  and  they  are  used  in  the  proper  order;  in 

pioMfei.  the  proper  manner;  with  the  proper  tools  and  vessels; 

and  with  all  the  proper  precautions  at  each  stage  of 
the  operation;  the  manufacture  is  a  very  dangerous  thing  to  under- 
take and  it  is  veiy  foolish  for  ai\yone  to  undertake  it  by  himself. 


EXPLOSIVES  FOR  USE  IN  COAL.  MINES. 

It  is  evident  that  a  large  number  of  different  explosives  can  be 

formed  by  mixing  various  combustible  substances 
^^Hiimber  of  «iiio-  ^^  vaiious  oxidizing  agents,  or  by  usin^  such  mix- 
tures as  dopes  for  dynamite,  or  by  using  them  together 
with  the  different  nitrosubstitution  compounds.  In  fact,  the  num- 
ber is  so  great  tliat  a  book  published  in  1895  gave  the  names  of  more 
than  1,000  different  explosives,  and  many  have  been  added  to  the 
list  since  that  date.  As  the  number  of  tliose  in  actual  use  is  much 
smaller,  it  is  clear  that  most  of  the  explosives  known  are,  for  various 
reasons,  unsuitable  for  use;  indeed,  no  one  of  those  more  generally 
known  is  suitable  for  use  under  all  circumstances.  For  instance, 
some  of  them  on  explosion  give  off  a  considerable  volume  of  flame; 
some  of  them  on  explosion  give  off  considerable  volumes  of  poisonous 
or  noxious  gases;  some  of  them  explode  so  quickly  as  to  shatter  the 
rock  or  other  material  in  which  they  are  fired  and  break  it  down  into 
fine  pieces;  some  of  them  are  too  bulky;  and  so  on. 

It  is  evident  that  if  we  are  seeking  to  break  down  the  rock  in  an 

open  quarry  for  the  purpose  of  making  use  of  that 
jb^iua:99n  In  open  ^^^j^  ^  ballast  for  roads,  we  can  employ  an  explosive 

that  produces  a  long  flame,  or  gives  off  poisonous 
gases,  or  shatters  the  material,  because  the  work  is  done  in  the  open 
air,  and  because  the  rock  has  to  be  broken  up  into  small  pieces  any- 
way, so  that  it  is  well  for  the  explosive  to  do  it.  If,  however,  we 
sought  to  get  out  from  that  quarry  blocks  of  stone  such  as  marble  or 
granite,  which  were  to  be  used  in  building  or  for  monuments,  we 
should  avoid  using  the  shattering  explosive  and  choose  one  that 
slowly,  and  without  a  shock,  separates  the  rock  mass  from  the 
deposit.  Yet  for  this  purpose  also,  as  the  work  is  in  the  open  air, 
it  might  matter  little  if  the  explosive  gave  rise  to  a  large  flame  or 
gave  off  poisonous  gases,  provided  the  quantity  of  explosive  used 

was  small.  But  the  conditions  in  a  coal  mine  are 
doSfww*.  ^  *"'  ^®^  different  from  those  in  a  quarry.     The  mine  is 

inclosed  and  not  out  in  the  open  air,  and,  moreover,  it 
is  liable  at  any  time  to  contain  inflammable  gases  or  coal  dust,  or  both, 
which  may  form  explosive  mixtures  with  the  air.     If  under  these 

circumstances  an  explosive  were  used  which  gave  off 

ii^.^'i^^'ai'iili^e"  *  ^^^g  fl*°^®  ^^  *™g'  *^^  fi^®'  darting  out  from 

the  bore  hole,  might  set  fire  to  the  explosive  mixture 

in  the  mine  and  produce  a  mine  explosion.     (See  PI.  VI,  A.) 
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R.  p.  M.  375.  Duration  of  flame,  IS39  milliBec.jheight  of  flanie.M.ZI  ir 
A  BLACK    BLASTING    POWDER 


R.P.M.  £400.  Duration  of  flame,  .342  millisec.-,  height  of  flamc.iaPS  ir 
A  PERMISSIBLE    EXPLOSIVE 


B.    BOXES  OF  DVNAMITE.  SHOWING  METHOD  OF  PACKING  11 


,     TH*WEB  FOR  FROZEN  EXPLOSIVES. 
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Moreover,  aa  the  mine  is  an  inclosed  space  and  as  the  wholesome- 

ness  of  the  air  within  it  depends  upon  artificial  ven- 
tilation, it  is  also  objectionable  in  such  a  mine  to 
make  use  of  an  explosive  giving  off  any  considerable  quantity  of 
noxious  gases,  which  must  be  removed  frd!m  the  mine  after  the 
explosion  before  the  miner  can  safely  return  to  his  work. 

Considerations  such  as  these  have  led  to  an  investigation  by  the 

Bureau  of  Mines  of  the  explosives  offered  in  the  mar- 

Bureau^^uB.  ^^  ^®*''  '^^  *'^®  purpose  of  determining,  in  the  interest  of 

the  coal  miner,  which  of  such  explosives  are  suitable 
for  use  in  coal  mines  and  will  do  the  work  with. the  greatest  degree 
of  safety  for  the  miner  using  them.  Of  course  it  is  impossible  to 
insure  complete  safety,  for  no  explosive  can  be  perfectly  safe  and 
every  explosive  should  be  treated  with  the  greatest  care  and  con- 
sideration. 

With  this  object  in  view  the  Bureau  of  Mines  has  a  testing  station 

established  at  Pittsburg,  Pa.  (see  PL  I,  frontispiece), 

pitttbnrf .  where  there  has  been  erected  a  large  gallery  made  of 

sipiotfvBf  gauexT  steel,  100  feet  long  by  6  feet  4  inches  in  diameter,  and 

so  made  that  it  can  be  filled  with  fire  damp,  or  with 
coal  dust  and  air  mixed,  or  with  gas,  dust,  and  air  mixed  in  any 
desired  proportion,  so  as  to  reproduce  the  dangerous  conditions  that 
may  occur  in  coal  mines.  Attached  to  one  end  of  the  gallery  is  a  very 
strong  "gun"  with  a  chamber  representing  the  bore  hole  in  a  mine. 
From  this  "gun"  various  exactly  determined  quantities  of  the  explo- 
sive to  be  tested  may  be  fired,  either  untamped  or  tamped,  into  the 
mixture  in  the  gallery,  and  thereby  it  can  be  learned  whether  or  not 
the  definitely  known  quantity  of  explosive  used  as  described  will  cause 
the  ignition  and  explosion  of  the  mixture  in  the  gallery.  Besides 
this  gas  and  dust  gallery  there  is  at  the  testing  station  a  collection  of 
other  apparatus  and  appliances  by  which  to  test  the  various  pro{>er- 
ties  of  explosives,  and  so  to  find  their  relative  value  and  their  relative 
safety  for  use  in  coal  mines.  This  investigation  has  been  going  on 
since  September,  1908,  and  there  have  already  been  published  four 
lists  of  explosives  that  have  passed  all  test  requirements  in  a  satisfac- 
tory manner  and  are  considered  to  be  suitable  for  use  in  coal  mines, 
provided  they  are  used  under  the  prescribed  conditions.*" 

a  See  p.  68  for  prescribed  conditions  under  which  each  of  these  explosives  is  to  be  used. 
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These  explosives  are,  therefore,  called  by  the  Bureau  of  Mines 

''permissible  explosives."     The  name  of  each  brand 
PumiMibto  ezido-  ^j^^^  j^^  passed  the  tests  up  to  January  1,  1911, 

together  with  the  name  of  the  manufacturer,  is  given 
in  the  following  list: 

PermisHble  explosives  tested  prior  to  Jan.  1,  1911. 


Brand. 


Manufacturer. 


Aetna  ooal  powder  A 

Aetna  coal  powder  A  A 

Aetna  coal  powder  B , 

Aetna  coal  powder  C « 

Aetna  coal  powder  D 

Bental  coaipowder  No.  2 

BitumlniteNo.l 

Bituminite  No.  8 

Bltumlnlte  No.  4 

Bituminite  No.  5 

Bituminite  No.  7 

Black  Diamond  No.  3 

Black  Diamond  No.  4 

Car  bonlte  No .  1 

Carbonite  No.  2 

Carbonlte  No.  3 

Carbonite  No.  4 

Carbonite  No.  1-L.  F 

Carbonite  No.  2-L.  F 

CoaUtoNo.l 

CoaUteNo.2-D 

Coalite  No.  3-D.  L 

CoaUtoNo.3-X 

Coal  special  No .  1 

Coal  special  No.  2 

Coal  special  No.  a-C 

Coal  special  No.  3-W 

Coal  special  No.  a-W 

Coal  special  No.  4 

Coal  special  No.  5-L.  F 

Collier  powder  No.  2 , 

Collier  powder  No.  4 

Collier  powder  No.  6 

Collier  powder  No.  6  special 

Collier  powder  No.  6-L.  F 

Collier  powder  No.  X 

Collier  powder  No.  2-L.  F 

Collier  powder  No.  3 

Collier  powder  No.  6~L.  F 

Collier  powder  No.  8-L.  F 

Detonite  special 

Eureka  No.  2-L.  F 

Oiant  A  low-^ame  dynamite. . . 
Oiant  B  low-flame  dynamite... 
Oiant  C  low-flmne  dynamite.. . 

Hecla  No.  2 

KaniteA 

Masurite  M.  L.  F 

Meteor  AXXO- 

Mine-iteA 

Mine-lteB 

Monobel  No.  1 

MonobelNo.2 

Monobel  No.  3 

Nitro  low-flame  No.  1 

Nltro  low-flame  No.  2 

Titanite  No.  3-P 

Titanlte  No.  7-P 

Titanite  No.  8-P 

Troian  ooal  powder  A 

Tro  an  ooal  iwwdcr  B 

Tro,  an  ooal  powder  C 

Tro,  an  ooal  powder  D 

Tro  an  coal  powder  E 

Trojan  coal  nowder  F 

Tunnelite  No.  5 

Tunnelite  No.  6 

Tunnelite  No.  7 

Tunnelite  No.  8 

Tunnelite  No.  6-L.  F 

Tunnelite  No.  g-L.  F 


Aetna  Powder  Co.,  Chicago,  III. 

Do. 

Do. 

Do. 

Do. 
Independent  Powder  Co.  of  Missouri,  Joplin,  Mo. 
Jefferson  Powder  Co.,  Birmingham,  Ala. 

Do. 

Do. 

Do. 

Do. 
Illinois  Powder  Manufacturing  Co.,  St.  Louis,  Mo. 

Do. 
E.  I.  du  Pont  de  Nemo\irs  Powder  Co.,  Wilmington,  Del. 

Do. 

Do. 

Do. 

Do. 

Do. 
Potts  Powder  Co.,  New  York  City 

Do. 

Do. 

Do. 
Keystone  National  Powder  Co.,  Emporium,  Pa. 

Do.  V 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
The  Detonite  Co.,  Cincinnati,  Ohio. 
G.  R.  McAb€«  Powder  &  Oil  Co.,  Pittsburg,  Pa. 
Oiant  Powder  Co.  (Consolidated),  Giant,  CaJ. 

Do. 

Do. 
E.  I.  du  Pont  de  Nemours  Powder  Co.,  Wilmington,  Del. 
W.  H.  Blumensteln  Chemical  Works,  Pottsvlile,  Pa. 
Masurite  Explosives  Co.,  Sharon,  Pa. 
E.  I.  du  Pont  de  Nemours  Powder  Co.,  Wilmington,  Del. 
Burton  Powder  Co.,  Pittsburg,  Pa. 

Do. 
E.  I.  du  Pont  de  Nemours  Powder  Co.,  WUmington.  DeL 

Do. 

Do. 
Nitro  Powder  Co.,  Kingston,  N.  Y 

Do. 
Waclark  Titanite  Explosire  Co.,  Corry,  Pa. 

Do. 

Do. 
Pennsylvania  Trojan  Powder  Co.,  Allentown,  Ps 

Do. 

Do. 

Do. 

Do. 

Do. 
G.  R.  McAbee  Powder  <b  OU  Co.,  Pittsburg,  Fa. 

Do. 

Do. 

Do. 

Do. 

Do. 
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With  reference  to  the  characteristic  component  of  each  of  these 

permissible  explosives,  they  may  be  placed  in  four 

aMMiJto&tio&    of  classes — ammonium  nitrate  powders,  represented  by 

HfM.  Aetna  coal  powder  AA,  Bental  coal  powder  No.  2, 

Bituminite  No.  6,  Bituminite  No.  7,  Coalite  No.  3-X, 
Coal  special  No.  4,  Collier  powder  No.  6,  Collier  powder  No.  3,  Collier 
powder  No.  5  special,  Collier  powder  No.  6-L.  F.,  Collier  powder  No. 
X,  Detonite  special,  Hecla  No..  2,  Kanite  A,  Masurite  M.  L.  F., 
Monobel  No.  1,  Monobel  No.  2,  Monobel  No.  3,  Titanite  No.  3-P, 
Titanite  No.  7-P,  and  Titanite  No.  8-P;  hydrated  powders,  repre- 
sented by  Meteor  AXXO,  and  Giant  low-flame  dynamite  A,  B,  and 
C;  nitrostarch  powders,  represented  by  Trojan  coal  powders  A,  B, 
C,  D,  E,  and  F ;  and  nitroglycerin  powders,  represented  by  all  the 
others  on  the  list. 

The  explosives  on  the  list  which  are  marked  L.  F.  contain  nitro- 
substitution  compounds  or  other  materials  which  have  been  added 
to  lower  their  freezing  points. 

With  the  exception  of  Detonite  special,  Hecla  No.  2,  Kanite  A, 
Masurite  M.  L.  F.,  Titanite  No.  3-P,  Titanite  No.  7-P,  Titanite  No. 
8-P,  and  the  Trojan  coal  powders  A,  B,  C,  D,  E,  and  F,  all  of  the 
powders  mentioned  in  the  list  contain  nitroglycerin,  and  they  are  all 
of  the  general  nature  of  dynamite;  but  the  components  and  propor- 
tions of  the  dopes  have  been  so  chosen  and  the  mixtures  so  made  as 
to  modify  greatly  the  shattering  effect  upon  explosion  and  to  yield  a 
relatively  cool  flame.     As  a  result,  the  flames  produced  are  short  and 

not  lasting,  and  coal  is  thrown  out  without  being 
AdT»taf  6f  of  powdered,  when  the  proper  charge  of  such  an  explosive 

is  used  and  this  charge  is  properly  placed.     These 


explosives  are  designed  to  take  the  place  of  black 
blasting  powder,  which  has  been  found  to  be  unsuited  for  use  in  coal 
mines  where  dangerous  gas  or  inflammable  dust  is  present,  because  of 
the  great  mass  of  flame  which  it  produces  and  the  long  time  that  this 
flame  lasts,  and  because  of  the  quantity  of  poisonous  smoke  and  nox- 
ious gases  which  it  gives  out  when  exploded.  Although  explosives  of 
the  kind  represented  in  the  list  of  permissible  explosives  have  been 
introduced  into  this  country  only  during  the  last  few  years,  yet  their 
consumption  now  amounts  to  several  million  pounds  annually  and  is 
rapidly  growing. 
Unfortunately,  though  the  permissible  explosives  are  good  coal 

getters  and  yield  short  flames  that  do  not  last  and 
J2l^J^^^2fIII!^  gases  of  low  temperature,  so  that  there  is  little  dan- 
ger of  igniting  the  explosive  gases  and  dusts  in  mines 
when  they  are  used,  still  the  gases  they  yield  on  explosion  may  be 
noxious  and  inflammable;  and  miners  are  warned,  when  using  per- 
missible explosives,  not  to  return  to  the  breast  after  firing  them  any 
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sooner  than  they  would  if  they  had  fired  a  charge  of  black  blasting 
powder. 

From  what  has  been  said  regarding  nitroglycerin,  it  follows  that 

all  these  permissible  explosives,  except  Detonite  spe^ 
JJ^S^oLmT  ^^^^f  Hecla  No.  2,   Kanite  A,  Masurite  M.  L.  F., 

Titanite  No.  3--P,  Titanite  No.  7-P,  Titanite  No.  8-P, 
and  Trojan  coal  powder,  A,  B,  C,  D,  E,  and  F  will  freeze  when  exposed 
long  enough  to  low  temperatures,  and  then  they  must  be  thawed 
before  they  can  be  properly  used.  It  is  true  that  in  making  several 
of  them,  especially  those  marked  L.  F.,  materials  have  been  added 
that  prevent  their  freezing  so  readily,  but  the  manufacturers  do  not 
claim  that  such  explosives  will  remain  imfrozen  when  the  tempera- 
ture falls  below  36®  F.  To  keep  any  of  the  nitroglycerin  explosives 
permanently  thawed,  they  should  be  stored  where  the  temperature 
does  not  go  below  62®  F.     On  the  other  hand,  care  should  be  taken 

that  none  of  these  explosives  is  subjected  to  high 
^"'toh^r  **"  t-^D^P^ratures,  for  this  will  render  all  of  them  more 
iMnttorei.  sensitive  to  explosion  and  is  likely  to  cause  the  de- 

composition of  some  of  them.     It  is  best  that  the 
temperature  of  magazines  in  which  they  are  stored  should  not  rise 
above  90®  P. 
Explosives  should  not  be  exposed  for  any  length  of  time  to  direct 

sunlight,  because  this  may  lead  to  decomposition  in 
^^^Do^not  eipoM  to  ^j^^g^  Containing  nitroglycerin,  nitrocellulose,  nitro- 

starch,  or  substances  of  that  kind.  Explosives  should 
be  stored  in  a  dry  place,  for  many  of  them  contain  considerable 
quantities  of  ammonium  nitrate  or  of  sodium  nitrate  and  so  will 
take  up  moisture  from  damp  air  and  become  damp.    Too  great 

dampness  makes  the  explosive  not  only  harder  to 
^eep  enaonvw  ^^^  ^^^  Weaker  when  fired.  Besides,  if  the  explo- 
sive is  damp  the  nature  of  the  gases  produced  will  be 
different.  Moreover,  as  bodies  like  dynamite  become  moist,  the 
nitroglycerin  contained  in  them  tends  to  run  out;  that  is,  what  is 
called  exudation  takes  place,  and  all  the  dangers  follow  that  belong 
to  liquid  nitroglycerin. 
On  the  other  hand,  explosives  should  not  be  kept  in  an  extremely 

dry  place,  for  all  of  them,  as  made,  contain  some 
■iwi  too*i^i.*^^"  D^oisture,  and  if  the  place  of  storage  is  very  dry  the 

explosive  may  lose  this  moisture.  Such  a  change 
in  composition  will  affect  the  explosive  so  as  to  change  the  speed 
with  which  the  explosive  reaction  takes  place  within  it,  and 
therefore  the  character  of  the  work  which  it  does  when  exploded. 

Naturally,  the  longer  an  explosive  is  kept  in  storage 

piSiipijr.***''**^'*  ^^®  greater  are  the  chances  that  change  will  take 

place  in  it,  and  therefore  the  explosive  should  be 
obtained  in  as  fresh  a  condition  as  possible  and  should  be  used  as 
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soon  as  possible  after  it  is  received.     Also,  it  should  be  kept  stored 
in  its  original  packages  in  the  magazine  outside  the  mine  until 
wanted  for  inunediate  use,  and  then  used  promptly. 
Dynamite  is  put  up  in  sticks,  which  axe  wrapped  in  pa]>er,  and  the 

cartridges  so  formed  are  usuaUy  dipped  in  paraffin  to 

ZBi«?7  to  oar-  make  the  wrapping  waterproof.    As  by  rough  han- 

SSST"  """'  dling  the  folded  edges  may  be  broken  open  and  the 

contents  of  the  cartridge  thereby  exposed  to  the  moist- 
ure of  the  air,  these  cartridges  should  be  handled  with  great  care, 
and  they  are  best  carried  to  the  place  where  they  are  to  be  used  in  the 
cartons  in  which  they  are  bought. 
In  handling  explosives  the  greatest  care  must  be  taken  to  prevent 

their  falling  or  getting  shocks.     They  must  not  be 
oarWdKoi.  *'*"**"^  throvm  or  dropped,  and  portions  of  the  powder  fall- 
ing from  the  cartridges  must  be  carefully  guarded 
against  friction,  blows,  or  fire. 
Explosives  should  never  be  carried  by  railroad  except  in  conformity 

with  the  rules  of  the  Interstate  Commerce  Commis- 
^^pnentofwpto-  gj^j^^  ^g  published  by  the  American  Railway  Asso- 

.  ciation.    These  rules  make  it  unlawful  to  carry  any 
explosives,  except  small-arms  ammunition,  on  any  public  vessel  or 
vehicle  carrying  passengers. 
Explosives  should  be  stored  in  properly  placed,  built,  and  aired 

magazines.  Such  a  magazine  should  be  far  enough 
^tozago  of  mao-  f j.(jjQ  other  buildings  or  works  so  that  if  an  accidental 

explosion  occurred  when  the  magazine  was  full  it 
would  do  the  least  possible  damage,  and  it  should  be  so  placed  as  not 
to  be  in  danger  from  forest,  brush,  or  other  accidental  fires.    Magazines 

are  best  built  of  cement  mortar,  but  they  are  more 

frequently  built  of  brick  or  of  wood  covered  with  corru- 
gated iron.  In  any  case  they  should  be  provided  with  wooden  floors, 
which  should  be  kept  free  from  grit  and  dirt.  It  is  best  that  only  one 
kind  of  explosive  should  be  kept  in  any  one  magazine.  If  more 
than  one  kind  of  explosive  (other  than  permissible  explosives)  must 
be  kept  in  the  same  magazine,  the  magazine  should  be  divided  into 

rooms,  by  partitions,  and  the  different  explosives  kept 
Dotoaaton  B«v«r  jj^  different  rooms.    On  n©  account  should  detona- 

to  be  stored  with   ^  i  i      x-  i      •  j^    -    -         ^   x 

other  €Kpioiivo&        tors.  Or  blasting  caps,  or  any  device  containmg  ful- 
minating composition,  be  kept  in  the  same  magazine 
with  any  other  explosive.    These  firing  devices  should  be  kept  in  a 
dry  place  by  themselves. 

Flans  and  specifications  for  magazines  will  be  furnished  by  manu- 
facturers of  permissible  explosives.  (See  also  pp.  61-63,  and  figs.  11 
and  12.) 
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Thawlnf 
ttzidoslvos. 


The  greatest  care  must  be  taken  to  prevent  packages  of  explosives 
from  falling  or  getting  shocks.     They  must  not  be  thrown,  dropi>ed, 

nor    rolled.     Wooden    boxes    containing    explosives 
e^^L  ^^****  °'  should  be  opened  with  extreme  care,  so  as  to  avoid 

friction  and  blows  as  much  as  possible.  They  should 
never  be  opened  within  the  magazine,  but  in  a  properly  sheltered 
place  outside  of  the  magazine  and  at  a  distance  from  it.  They  should 
be  opened  only  by  the  use  of  a  wooden  mallet  and  a  hardwood  wedge. 
The  thawing  of  frozen  explosives  requires  extreme  care,  and  doing 
it  improperly  has  frequently  led  to  most  serious   accidents.     No 

attempt  should  ever 
'"^''  be  made  to  thaw  a 

frozen  explosive  by 
placing  the  cartridge  before  a  fire, 
or  near  a  boiler,  or  on  steam  pipes, 
or  by  putting  it  in  hot  water,  or  by 
placing  it  in  the  sim.  While  being 
thawed,  nitroglycerin  explosives  are 
extremely  sensitive  and  should  be 
handled  with  great  care.  During  the 
thawing  the  nitroglycerin  tends  to 
separate  from  the  dope  and  run  out 
from  the  cartridge  (that  is,  to  exude), 
and  this  is  a  source  of  danger. 

When  but  a  small  amount  of  the 
explosive  is  required,  it  may  be 
thawed  in  a  thawer  such  as  is  fur- 
nished by  all  the  manufacturers  of 

explosives   and  has 

pioiJeT"  ""  ""  ^^^  f^^^d  safe  for 

use  as  directed. 
(See  PL  VI,  C.)  The  thawer  con- 
sists of  a  water- jacketed  tin  vessel, 
in  which  the  cartridges  are  placed 
and   which    is   closed   with    a   tin 

cover.  Before  the  water  is  placed  in  the  vessel  it  is  wanned  up 
to  a  temperature  not  uncomfortable  to  the  hand  put  into  it,  and 
the  cartridges  are  allowed  to  remain  in  the  thawer  until  it  is 
found,  by  gently  pressing  them,  that  they  are  completely  thawed 
throughout.  When  thawed,  the  materia]  will  feel  plastic,  or  like 
flour,  between  the  fingers.     When  frozen,  or  partly  frozen,  the  stick 

will  feel  more  or  less  rigid  and  hard.     It    is   neces- 
jDomptote  thawinc  ^^y  ^j^^^^   ^^  stick  should  be  thawed  completely, 

because    dynamite   when  frozen  can  be    detonated 
only  with  great  difficulty,  and  any  part  that  is  frozen  will  be  but 
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imperfectly  detonated  in  the  hole;  hence  not  only  may  such  partly 
frozen  powder  fail  to  give  its  full  effect  as  an  explosive,  but  there  is 
danger  of  a  serious  accident  in  a  coal  mine  where  such  powder  is  used, 
because  if  a  blown-out  shot  results  the  burning  solid  part  may  set  Gie 
to  the  dust  or  fire  damp  in  the  air  of  the  mine. 

Where  large  quantities  of  explosives  are  used  daily,  a  small  thaw 

house  should  be  provided  for  the  purpose  of  thawing 

out  the  frozen  explosive.     (See  figs.  1  and  2.)     Plans 

and  specifications,  together  with  a  bill  of  material  for  such  a  thaw 


w         a         nr 


SECTION   CD 

noDSB  3.— Thaw  hou&i  lot  Iroiciiexplailveit  Motion.   The  oement  mortar  In  tbamlla  la  made  oil  put 
cement  aail  fl  parts  aand. 

house,  will  be  fumished,  on  application,  by  the  manufacturers  of 
parmissible  explosives.  The  thaw  house  should  be  large  enough  to 
hold  all  the  explosives  used  in  one  day's  work.  It  should  be  heated 
by  a  small  hot-water  heater,  placed  at  least  4  yards  from  the  house, 
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the  hot  water  being  passed  into  the  house  through  iron  pii>es,  at  such 
a  rate  that  the  temperature  in  the  house  will  not  at  any  time  be  above 
90'' F. 

Thaw  houses  are  intended  only  for  the  treatment  of  explosives  for 

immediate  use,  and  not  for  the  storage  of  explosives. 
Thaw  ]M>iiMs  not  fQj.  jf  powders  or  dynamites  are  left  in  this  high  tem- 

to  be  ued  fox  rtor-  ^*  11  •*  -i        it^*  .1 

act.  perature  and  dry  air  for  a  considerable  time,  the 

moisture  that  is  a  proper  part  of  them  will  be  driven 
off,  and,  as  stated  before,  this  will  markedly  alter  the  character  of 
the  powder  or  dynamite  and  may  lead  to  accidents  in  its  use. 


A.    MINER'S  SQUIB. 


SQUIBS,  FUSE,  AND  DETONATORS. 

It  has  been  made  clear  in  the  discussion  of  combustion  and  explo- 
sion and  the  description  of  various  explosives  that  they 
eniM^^'  *^®*"^  can  be  caused  to  explode  by  various  means.    All  of 

them  can,  under  some  circumstances,  be  made  to 
explode  by  fire.  Some  of  them  can  be  caused  to  undergo  a  detonating 
explosion  by  setting  off  a  detonator  in  contact  with  them.  In  blasting 
use  is  made  of  both  these  means  for  setting  off  explosives,  the  means 
used  being  determined  by  circumstances. 

In  setting  off  by  means  of  fire,  use  is  made  of  miner's  squibs,  or  of 

fuse,  iliner's  squibs  (PL  VII,  A)  consist  of  tapering 
paper  tubes  about  7  inches  long,  filled  with  fine  gun- 
powder, one  end  of  each  paper  tube  being  treated  with  chemicals 
so  as  to  form  a  slow-burning  match,  which,  when  ignited,  bums  so 
slowly  as  to  give  the  miner  time  to  reach  a  place  of  safety  before 
the  explosion.  When  used  the  squib  is  placed  in  the  needle  hole, 
or  blasting  barrel,  through  the  tamping,  with  the  match  end  of  the 
squib  outward.     When  the  match  is  ignited  the  fire  bums  slowly 

along  the  tube  until  it  reaches  the  powder  core. 

Then  the  squib  darts  forward  Uke  a  rocket,  leaving 

a  trail  of  flame  behind  which  spurts  out  from  the  needle  hole,  and 

the  fire  continues  burning  along  the  powder  core  of  the  squib  until  it 

bursts  out  of  the  other  end  of  the  tube  and  so  ignites  the  charge. 

In  experiments  made  at  the  Pittsburg  testing  station  it  has  been 

found  that,  though  the  burning  match  on  the  end  of 
Squibs  ihonid  not  ^^^  (^^be  of  the  SQuib  does  not  inflame  a  mixture  of 

be    QMd    In    flexy  .       .^  ^.  , 

miaM.  mine  gas  and  air,   as  soon  as  the  powder  core  is 

ignited  the  flame  that  then  flashes  out  from  the  end 
of  the  squib  will  explode  the  mixture.  Hence  squibs  should  not  be 
used  in  any  gaseous  mine. 

Fuse,  as  used  in  coal  mines,  is  sent  out  into  the  market  in  coils 

50  feet  long,  and  in  several  varieties,  but  all  consist 

Fn86. 

of  a  core  of  mealed  gunpowder  inclosed  in  two  or 
more  layers  of  yam  and  generally  surrounded  by  tape  that  has 
been  dipped  in  a  waterproofing  composition.  (See  PI.  VII,  B.) 
Some  varieties  are  then  dusted  with  substances  like  powdered  soap- 
stone,  to  prevent  the  sticky  surfaces  from  sticking  to  one  another. 
The  kinds  of  fuse  most  commonly  used  are  hemp  fuse,  cotton  fuse, 
single-tape  fuse,  double-tape  fuse,  triple-tape  fuse. 

99160**— Bull.  17—11 3  33 
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When  one  end  of  a  fuse  of  any  variety  is  lighted  the  powder  core 

bums  slowly  along  the  fuse  till  at  last  the  flame 

rushes  out  at  the  farther  end  and,  if  it  touches  a 

charge  of  powder,  sets  it  off.     Like  squibs,  fuse  throws  off  flame 

when  lighted,  and  hence  the  use  of  fuse  in  a  gaseous  mine  can  not 

be  recommended. 

Fuse  should  be  so  made  and  should  be  in  such  a  condition  when 

used  that  any  part  of  any  coil  will  bum  at  a  rate 
that  does  not  vary  more  than  10  per  cent  above 
or  below  the  standard  rate.  This  is  of  the  greatest  importance, 
because  in  setting  a  chaige  the  blaster  or  shot  firer  cuts  a  piece  of 
fuse  to  reach  from  the  charge  to  the  opening  and  long  enough  to 
give  him  ample  time,  after  the  end  has  been  set  on  fire,  to  reach  a 
place  of  safety  before  the  flame  fires  the  charge.  In  order  that  a  fuse 
may  bum  at  a  regular  rate,  the  powder  core  of  the  fuse  should  be 
uniform  in  character  and  should  extend  continuously  through  the 
fuse.  Examinations  of  fuses  by  the  X  ray  have  shown  that  some- 
times the  powder  does  not  extend  continuously  through  the  fuse,  but 
that  there  are  spaces  between  the  portions  of  the  core  (PI.  VIII,  A). 
Therefore,  careful  tests  should  be  made  of  the  rate  of  burning  of 
pieces  of  the  fuse  whenever  there  is  any  doubt  whatever  as  to  its 

soundness.     Although  the  manufacturers  may  pro- 
FuM  taijiind  by  j^^^  g^  f^^  ^^jj  1^  regular  rate  of  burning,  the  rate 

may  be  changed  by  bad  handling,  as,  for  instance, 
by  squeezing  the  fuse  in  handling  or  tamping  so  as  to  disturb  the 
powder  core,  or  by  suddenly  and  roughly  opening  the  coil  when  it  is 
stiff  from  cold,  so  as  to  crack  the  fuse;  or  the  fuse  may  be  injured 

by  rubbing  against  the  rough  surfaces  of  the  rock. 
^om   In   eattinff  jj^  cutting  the  fuse  and  in  fitting  it  into  place,  care 

must  be  taken  that  the  powder  core  does  not  nm 
out  from  the  fuse,  for  that  might  cause  a  misfire. 

Detonators  (wliich  are  also  called  blasting  caps,  and  sometimes  are 

called  exploders,  though  the  last  term  applies  to  any 

means  of  j)roducing  an  explosion,  and  therefore  is 
not  commended  here)  consist  of  copper  capsules  about  as  thick  as  an 
ordinary  lead  pencil,  wliich  are  commonly  chaiged  with  dry  mercurj^ 
fulminate  or  with  a  mixture  of  dry  mercury  fulminate  and  potassium 
clilorate  that  is  compressed  in  the  bottom  of  the  capsule,  filling  it 
to  about  one-tliird  of  its  length. 

Dynamite  and  other  detonating  explosives  are  in  practice  fired  by 

means  of  detonators,  for  though  they  may  be  exploded 

of^tetoIi!toiJ*  '^  ^^'  ^^^^  ^^^  ^^  squibs  or  fuse,  or  by  means  of  gun- 
powder primers,  yet  the  explosion  so  produced  is  not 
a  complete  one ;  the  explosives  are  not  used  to  their  best  advantage : 
all  of  the  work  that  tliey  can  do  is  not  done;  and,  moreover,  tlie 
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gases  that  are  produced  are  usually  dangerous.  Where  high  explo- 
sives are  employed,  it  is  safer  to  fire  with  detonators  strong  enough 
to  cause  their  most  complete  explosion.  Permissible  explosives 
should  be  fired  by  detonators,  and  are  best  fired  by  electric  detonators 
of  the  strength  prescribed  for  each  one.     (See  p.  67.) 

Several  grades  of  these  detonators  or  blasting  caps  are  to  be  foimd 

in  the  market,  and  they  are  differently  designated  by 

different  manufacturers.      The   ''strengths''   of  the 

detonators  most  commonly  used,  as  measured  by  the 

weights  of  the  fulminating  composition  contained  in  them,  are  as 

follows: 

Grades  of  detonators  and  weight  of  their  charges. 


Oradoi  of  dotoBA- 
ton. 


Tnting-fltation  grades. 


No.  3 
No.  4 
No.fi 

No.  6 
No.  7 
No.  8 


Comnierclal  grades. 


3X,  or  triple 

4X,  or  quadruple 
5X,  or  quintuple. 
6X,  or  sextuple.. 
7X,  or  No.  20. . . . 
8X,  or  No.  30 


Weight  of 

charge  in 

grains. 


0.54 
0.65 
0.80 
1.00 
1.50 
2.00 


Weight  of 

charge  In 

grains. 


8.3 
10.0 
12.3 
15.4 
23.1 
30.0 


Detonators  are  fired  by  the  aid  of  a  piece  of  fuse.     The  end  of  the 

fuse  is  inserted  in  the  mouth  of  the  blasting  cap  and 
tolTtofSl? *^**^"*"  carefully  pushed  down  until  it  gently  touches  the 

surface  of  the  detonating  composition,  and  then  the 
cap  is  crimped  onto  the  fuse.  (See  PL  IX,  A.)  The  cap,  with  the 
attached  fuse,  is  inserted  in  the  charge  to  be  fired,  which,  when 
placed  in  the  bore  hole  and  tamped,  is  ready  for  firing.  The  end 
of  the  fuse  is  lighted,  and  the  fire  bums  down  the  powder  core  until 
it  streams  against  the  detonating  com])osition,  which  then  detonates 
and  causes  the  detonation  of  the  explosive  with  which  it  is  in  contact. 
It  has  been  found  at  the  Pittsburg  testing  station  that  the  flame 

which  rushes  out  from  a  fuse  when  it  is  ignited  at 
FiueBottob6ued|.^Q  mouth  of  a  borc  hole  will  ignite  an  explosive 

mixture  of  mine  gas  and  air.     Even  though  a  safety 

device  is  used  to  prevent  spitting  from  the  end  of  the  fuse,  flame  may 

burst  from  the  side  (PL  VIII,  B) .    Therefore  fuse  should  not  be  used, 

either  alone  or  with  detonators,  in  fiery  mines. 

The  practice  of  fitting  the  fuse  to  the  detonator  is  common  in 

quarries,  tunnels,  and  mines  that  are  not  gaseous. 


and  datoaa-  Accordingly,  it  is  customary  to  make  both  detonators 
■teadmrdnae.  and  fuses  in  standard  sizes,  so  that  the  fuse  may 

easily  slip  down  within  the  mouth  of  the  detonator 
and  yet  make  a  neat  fit  within  it. 
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Electric 
ton. 


By  the  use  of  electric  detonators  (also  called  electiic  fuse«),  the 

dangers  that  are  common  in  the  use  of  squibs  or  fuse 
detona-  jj^  gaseous  coal  mines  are  avoided.  (See  PL  IX,  B, 
and  fig.  3.)  These  electric  detonators  are  simply 
ordinary  detonators  that  have  been  fitted  with  a  means  of  firing  them 
by  the  electric  current.  Tliis  is  done  by  inserting  within  them  two 
copper  wires,  joined  at  the  inner  ends  by  an  extremely  fine  platinum 
or  other  liigh-resistance  wire,  wliich,  like  the  carbon  filament  in  the 
ordinary  incandescent  lamp,  becomes  heated  till  it  glows  when  an 
electric  current  is  passed  through  it.  Tliis  mre,  known  as  the  bridge, 
is  placed  above  the  detonating  composition,  and  is  surrounded  by 
gun  cotton  or  loose  fulminate.  The  space  above  it  and  the  mouth  of 
the  capsule  are  then  filled  and  closed  b}^  means  of  a  plug  of  sulphur  or 
other  waterproof  composition,  which  is  T)oured  in  while  soft.  The 
copper  wires  pass  through  the  plug  and  are  long  enough  to  extend  out- 
side the  capsule.  These  outer  ends  are  called  the  legs  or  wires  of  tlie 
electric  detonator.     Although  the  copper  wires  are  bare  within  the 

electric  detonator,  the  legs  outside  are  covered  with 
an  insulating  wrapping.  These  legs  are  made  of 
diflFerent  lengtlis  in  order  to  suit  different  depths  of 
bore  holes.  The  charge  of  detonating  composition  differa  in  the  dif- 
ferent grades  of  electric  detonators  so  ^ 
as  to  give  different  strengtlis.  0W 

The  following  table  gives  the  grade 
and  weiglit  of  charge  for  the  more 
common  electric  detonators: 


Grades  of  dcotxlc 
detonaton. 


Grades  and  weights  of  charge  of  electric  detonators. 


Sulphur 

nmng 


Te^tinK-«talloii 
grades. 

(Commercial  grades. 

Weight 
of  charge 
in  grams. 

Weight 
of  charge 
ingraiiis. 

No  5         

Single  strength 

Double  strength 

Triple  strength 

Quadruple  strength . 

0.80 
1.00 
1.50 
2.00 

12.  ;i 

No.  0 

15.4 

No.  7   

23.1 

No.  S 

30.0 

Gun  cotton  or 
mercury  fulminale 
(loose) 


Sulphur 
plug 


Platinum 
bridge 


Mercury 
fulminate 
(packed) 


In  loading  bore  holes  electric  deto- 
nators are  placed  in  the 

Firing  electiic  d-      j  -^      ^      j^^ 

toaatort.  <=>        f 

nators  with  fuse  are,  and 
the  bore  holes  are  tamped  in  a  similar 
manner.  To  fire  the  charge,  the  legs  of 
the  detonator  are  connected  by  leading 
wires  to  an  electric  device  at  a  safe  distance,  and  from  it  the  current 
is  sent  to  fire  the  blast.  No  flame  can  escape  from  the  bore  hole 
during  the  firing,  for  the  tamping  fills  the  hole  completely,  and 
hence  blasting  in  gaseous  mines  is  made  much  safer. 


FiouBB  3.— Electric  detonator,  showliig 
ita  component  parts. 


,  CRIMPING  DETONATOR  OK  FUSE. 


B.  DETONATORS  AND  ELECTRIC  DETONATORS. 
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Only  electric  detonators  are  used  at  the  Pittsburg  testing  station 
in  the  tests  of  explosives  for  use  in  mines. 

What  are  called  delay-action  electric  ''exploders''  or  detonators 

are  now  being  oflFered  for  use  where  a  number  of 

trtedetonaton.****^  holes  are  to  be  fired  at  once,  but  so  that  the  chaiges 

may  explode  one  after  another.  This  is  done  by 
placing  a  piece  of  fuse  or  other  device  in  the  electric  detonator 
between  the  detonating  composition  and  the  bridge  and  inclosing 
the  whole  so  that  the  flame  may  not  escape  from  the  blast  hole.  In 
the  present  state  of  knowledge  this  practice  is  not  commended  for 
use  in  coal  mines. 

In  the  description  of  mercury  fulminate  attention  was  called  to 

its  extreme  sensitiveness  to  heat,  friction,  or  blows 

dit^fton^  '***  **'  ^^^  ^  *^®  extreme  violence  of  the  explosion  which  it 

undergoes.  All  these  properties  therefore  belong  to 
detonators  and  electric  detonators,  and  these  little  devices  should 
be  treated  with  the  utmost  respect.  Never  attempt  to  pick  out  any 
of  the  composition.  Do  not  drop  them  or  strike  them  violently 
against  any  hard  body.  Do  not  lay  them  on  the  ground  where  they 
may  be  stepped  on.  Do  not  step  on  them.  In  crimping,  take  the 
greatest  care  not  to  squeeze  the  composition,  and  never  crimp  with 
the  teeth,  for  there  is  enough  composition  in  one  of  these  small  cap- 
sules to  blow  a  man's  head  open.  They  should  be  stored  in  a  dry 
place  and  in  a  building  apart  from  any  other  explosives.  They 
should  never  be  carried  into  a  mine  with  other  explosives,  and  they 
should  never  be  placed  in  a  mine  near  other  explosives  except  in 
bore  holes.  Wlien  carried  or  shipped,  they  should  be  packed  firmly 
with  a  quantity  of  elastic  material,  such  as  felt  or  the  coiled  legs  of 
the  electric  detonators,  about  them,  and  they  should  not  be  exposed 
to  heat,  blows,  or  shocks  of  any  kind. 


MrNTING  .COAL.  WITH  EXPIX>SIVES. 

No  universal  rule  can  be  made  for  blasting  coal,  for  the  local 

conditions,  the  character  of  the  bed,  and  the  method 
^^nditioiii  In  ooai  ^£  working  make  necessary  the  use  of  different  means 

in  different  mines  and  sometimes  even  in  different 
parts  of  the  same  mine.  The  best  method  of  blasting  in  any  given 
mine  or  part  of  a  mine  is  determined  by  practical  experience  and 
observation. 

The  placing  of  bore  holes,  as  well  as  the  size  of  the  chaise,  is  of 
vital  importance.  In  placing  them  special  attention  and  due  coiv 
sideration  should  be  given  to  the  bedding  and  cleavage  planes  of  the 
coal;  also  to  slate  and  bone  parting,  horsebacks,  clay  slips,  and  other 
local  irregularities. 

In  this  country,  apart  from  the  not  widely  used  long-wall  system 

and  from  the  pillar  pulling  or  withdrawing,  in  both  of 
jE^ootJas  off  the  ^yhich  littlo  Or  no  explosive  is  used,  there  are  two 

general  methods  of  bringing  down  coal  in  entry  driv- 
ing or  room  work,  namely,  '*  shooting  off  the  solid *'  and  undercutting 
or  shearing  before  shooting. 

In  the  coal  mines  of  the  middle  interior  fields,  where  shooting  off 
the  solid  is  largely  practiced  and  where  there  are  no  marked  faces  or 
butts,  the  following  method  is  used:  A  hole  is  bored  or  drilled  in  the 
face  at  or  near  the  middle  of  the  seam,  at  such  a  slant  as  to  make  a 
small  angle  with  the  face.  If  an  imaginary  Une  (AB  in  fig.  4)  drawn 
from  the  back  of  the  drill  hole  at  right  angles  to  the  hole  passes  out 
of  the  open  face,  and  if  that  distance  is  not  too  great,  the  hole  is 
rated  as  '^safe''  by  those  who  use  the  method.  If,  however,  the 
hole  extends  beyond  A  to  X  (fig.  4),  the  extended  part  is  said  to 
be  "dead"  and  the  hole  is  considered  ''unsafe."  A  hole  is  also  con- 
sidered ''unsafe  *'  if  the  angle  ACB  is  greater  than  35°.  In  the  softer 
coals  and  where  the  joints  or  cleavage  planes  (cleat)  are  favorable  a 
greater  angle  is  used,  but  no  drill  hole,  even  under  such  favorable 
conditions,  is  bored  at  an  angle  greater  than  45°. 
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Depeaduit  ihotB. 


In  shooting  oflF  the  solid  only  one  face  of  the  coal  to  be  thrown 

oflF  is  exposed.     It  must  be  torn  oflF  along  the  line  AB 
J^^^l^'^^  and  AC  (fig.  4)  and  in  addition  must  be  forced  out 

along  the  bedding  planes  at  top  and  bottom.  Where 
such  bedding  planes  are  smooth  this  is  not  difficult,  but  generally 
they  are  irregular,  and  a  strong  shearing  force  must  be  exerted  par- 
aUel  to  the  bedding  planes,  both  at  the  top  and  bottom.  This 
method  to  be  effective  requires  a  slow-acting  explosive,  and  black 
blasting  powder  has  been  much  used  in  the  work. 
A  second  hole  and  even  a  third  one  is  sometimes  drilled  and 

charged  before  the  first  one  is  fired,  and  these  are  called 

"dependent"  shots.  The  fuses  are  sometimes  made 
of  different  lengths  and  Ughted  at  the  same  time,  with  the  expec* 
tation  that  the  shots  will  go  off  in  the  proper  order.  Such  practice  is 
now  generally  held  to  be  very  wrong  even  in  ''soUd  shooting"  dis- 
tricts. The  second  and  third  holes  should  not  be  drilled  until  after 
the  first  shot  has  been 
made,  so  that  the  loca- 
tion of  each  shot  can 
be  properly  judged. 

The  size  or  weight 
of  the  charge  in  shoot- 
ing off  the  sohd  varies 

much 

in  dif- 
ferent coals.  In  fact, 
it  is  extremely  difficult, 
even  in  the  same  coal, 
to  judge  the  amount 
correctly    each    time. 

If  undercharged,  the  hole  is  likely  to  '* blow  out;"  hence  it  foDows 
that  holes  are  almost  invariably  overcharged,  and  in  some  districts 
all  sense  of  right  proportion  has  been  lost  by  the  miners. 

Aside  from  the  dangers  in  the  use  of  black  powder,  the  uncertainties 
in  proportioning  the  charge  to  the  work  are  such  that  the  method  of 
shooting  off  the  soUd  can  not  be  approved  as  either  precise  or  safe. 
Many  of  the  great  mine  disasters  of  this  country  have  undoubtedly 
started  from  misjudged  or  overcharged  shots  off  the  solid. 
The  other  method  of  bringing  down  the  coal  in  which  the  explosive 

is  assisted  by  undercutting  or  shearing  beforehand 
jD|^3ronttinc  and  ^^^  which  was  early  used  in  this  country  is  now  being 

readopted  in  most  parts  of  the  country.    The  object 
of  undercutting  or  shearing  is  to  expose  two  faces  of  the  mass  of  the 


OTBTcharKlnc. 


Figure  4.— Shooting  off  the  solid. 
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coal  to  be  brought  down,  and,  as  coal  generally  tends  to  break 
along  vertical  planes,  to  permit  the  explosive  to  exert  a  wedging 
effect,  rather  than  to  shear  or  tear  off  the  mass  as  it  must  in  shoot- 
ing off  the  soUd. 

There  are  two  ways  of  applying  this  method — shearing  and  under- 
cutting. Occasionally,  where  the  coal  is  hard  to  shoot  down,  both 
shearing  and  undercutting  are  done,  so  that  a  less  amount  of  explo- 
sive is  needed;  in  fact,  in  some  places  none  is  required,  as  the  coal 
can  be  wedged  down. 

Wliere  the  cutting  is  by  hand  and  the  top  and  bottom  part  "freely," 
shearing  is  the  easier,  and  is  usually  employed  in  entry  or  narrow 
work.     In  some  cases  the  shear  or  vertical  cut  is  mr.de  on  but  one 
rib,  but  generally  it  is 
made    in    the    center 
of    the     narrow    face 
and     the    shot    is    so 
placed  as  to  throw  the 
coal  toward  the  shear. 

Where  the  coal  is  all 
alike  in  character  and 

p  arts 
equally 
well  at  top  and  bot- 
tom, the  hole  is  started 
at  or  near  the  middle 
of  the  seam  and  drilled 
nearly  parallel  with  the 
shearing,  slanting  a  little  upward  to  cross  the  bedding  planes,  and 
also  to  clear  itself  of  dust  as  it  is  being  drilled.  The  hole  should  never 
go  deeper  than  the  cutting,  and  it  is  better  for  it  not  to  go  as  deep  by 
at  least  6  inches  as  the  cutting.  In  figure  5  the  back  of  the  bore  hole 
is  shown  as  reaching  the  projected  line  of  the  rib,  but  in  softer  coals 
the  backs  of  the  bore  holes  are  usually  at  least  6  inches  from  the 
projected  line  of  the  rib. 

In  districts  where  black  powder  is  still  used  it  is  conceded  that  a 
shot  hole  of  this  character  should  never  be  charged  with  more  than 
2  pounds  of  black  powder,  and  better  with  much  less.     It  is  difficult 

to  make  rules  for  an  exact  amount,  because  the 
proper  amount  differs  with  the  length  of  the  hole  and 
cutting,  the  strength  of  the  coal,  and  the  way  that  it 
parts  from  top  and  bottom.  However,  the  work  should  never  be  so 
laid  out  that  it  will  require  more  than  2  pounds  of  black  powder.  If 
one  of  the  permissible  explosives  is  used,  the  charge  should  be,  in 
general,  only  about  one-half  (by  weight)  what  would  be  required  if 
black  powder  were  used;  but  no  work  should  be  so  laid  out— that  is, 
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Figure  5.— Shearing. 
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no  drill  hole  should  be  so  located  with  reference  to  the  shearing — as 
to  require  more  than  a  pound  and  a  half  of  the  explosive. 

Where  the  place  is  so  wide  that  another  hole  is  required  near  the 
first,  when  the  first  has  done  its  work  properly  a  aimilar  situation  i^ 
left  for  the  second  hole. 

Where  the  coal  is  undercut,  either  by  hand  or  machine,  the  pur- 
pose of  the  shot  19  to  bring  down  the  masa  of  coal 
In  such  a  place  the  greater 
part  of  the  force  of  the  explosive  used  in  the  first  shot  will  go  to 
shear  ofT  the  coal  on  both  sides  of  the  shot,  the  expanding  gases  from 
the  explosive  working  along  the  bedding  plane  at  the  line  of  the 
drill  hole  and   the  mass  piv- 
oting at  the  back  of  the  un- 
dercutting.    The  stronger  the 
bedding  of  the  coal — that  is, 
the   less  marked   the  vertical 
planes — the  more  difficult  is 
this  sheai'ing,  which  then  be- 
comes a  tearing,  rending  ef- 
fect at  the  sides  of  the  mass, 
so  that  the  shape  of  the  mass 
is  somewhat  conical,  the  top 
being  at  the  line  of  the  drill 
hole  and  the  base  at  the  under-  ^  'i!'*''?^.     ^  . 

,^     ,  ,  .  FiauHE  a.— Snubbliw  sliol. 

cuttmg.  Under  the  circum- 
stances the  coal  above  the  drill  hole  generally  does  not  come  down, 
but  it  is  usually  so  shattered  tliat  it  may  be  pulled 
eM^^  "  "*^  down  with  a  pick.  Xecessarily  this  first  shot  takes 
more  explosive  than  later  shots,  but  the  amount 
should  never  be  more  than  that  already  stated  for  the  shearing 
method. 

To  help  the  first  or  "buster"  shot,  if  the  undercutting  has  been 
done  by  macliine,  it  is  advisable,  and  in  some  cases 
ih^f^  "^  ""  necessaiy,  that  the  coid  at  the  front  edge  of  the  under- 
cutting be  "snubbed"  off  either  by  the  pick  or  by 
a  small  "pop"  or  "snubbing"  shot  (fig.  6).  In  narrow  work,  if  the 
"buster"  shot  has  done  its  work  properly  at  one  rib,  the  second  shot 
is  placed  at  the  other  rib.  In  wider  work  the  "buster"  shot  is  usu- 
ally placed  near  the  center  of  the  room  face  and  the  second  find  third 
shots  are  placed  on  either  side  (fig.  7).  Each  of  these  is  so  }»Iaced  as 
to  throw  down  a  mass  of  cool  which  practically  has  three  faces  free — 
the  front,  the  bottom,  and  one  end.  The  chief  work  of  the  shot  is  to 
wedge  off  the  rib  end  and  push  away  from  the  back.  Such  a  shot 
usually  only  requires  from  one-half  to  three-quarters  of  a  pound  of 
one  of  the  permissible  explosives.    The  work  should  be  adjusted  to 
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these  charges,  ao  that  if  three  shots  besides  the  snubbing  shot  (if  one 

is  needed)  are  not  enough,  four  or  even  five  shots 
■JinlhucaV  "'  should  be  used.     It  is  far  safer  to  use  a  number  of 

shots  with  a  small  amount  of  explosives  ia  each  than 
to  use  a  few  shots  with  a  large  amount;  and  on  the  whole  less  ex- 
plosive will  be  needed  in  all  the  small  shots  than  in  the  few  large  shots. 
The  depth  of  the  undercutting  varies  with  the  character  of  the  coal 

and  with  the  tliickness  of  the  seam,  but  in  hand-pick 
ontu^  "'  "***^  work  the  depth  is  not  commonly  greater  than  the 

thickness  of  the  seam.  Where  machines  are  used  to 
undercut,  the  depth  is  from  6  to  7  feet,  depending  on  the  machine. 
With  machines  the  cutting  is  usually  done  at  the  bottom  of  the  Beam; 
if  the  seam  is  thin  (less  than  3  feet)  the  cutting  is  done  in  the  under- 
lying clay,  if  there  is  any.  Where  the  undercutting  is  done  by  hand 
pick.  It  is  sometimes  done  in  a  soft  luyer  near  the  middle  of  the  Beam, 


FiuuJtB  ;.— Flrat  oi 


or  in  a  parting  of  soft  clay,  but  so  far  as  the  placing  of  the  shots  u 
concerned,  the  part  above  such  an  undercutting  may  be  regarded  as  a 
thin  »flam,  the  coal  below  the  cutting  being  lifted  afterward  by 
"heaving"  shots.  Generally  the  cutting  is  in  the  bottom,  and  where 
it  is  the  shots  are  usually  placed  above  the  middle  of  the  coal  and 
sometimes  near  the  top.  Where  the  coal  is  undercut  and  black 
blasting  powder  is  use<l,  owing  to  the  powder's  slow  wedging  action,  the 
exact  position  of  the  shot  is  not  of  such  Bpecial  importance  as  it  is 
where  permissible  explosives  are  used.  As  already  explained,  these 
are  quicker  in  action  than  black  blasting  powder,  and  unless  they  dis- 
lodge tlie  coal  instantly  their  force  is  spent  in  shattering  the  coal  near 
the  drill  hole.  Therefore  with  permissible  explosives  the  mouth  and 
back  of  the  drill  hole  should  be  nearer  the  roof  and  the  hole  should 
slant  upward  in  order  that  the  back  of  the  drill  hole  may  reach  the 
top  bedding  plane  (fig.  8).  The  break  will  then  be  clean  and  a 
wedging  action  will  be  exerted  along  the  top  bedding  plane. 
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Dut  muit  b«  wet 
down  Mid  rwnoTod. 


'eo're  ho\« 


In  the  use  of  permissible  explosives,  special  care  should  be  taken 

that  each  bore  hole  has  the  same  width  throughout 

inta^toe^SdfM.''  ^^^  ^  mde  enough  to  permit  the  cartridges  to  pass 

through  it  without  too  hard  ramming.     Too  small  a 

hole  may  cause  the  cartridge  to  stick,  and  nitroglycerin  explosives  or 

even  black  powder  may  be  exploded  by  the  friction  of  the  tamping 

bar  against  the  sides  of  the  hole.     Daily  attention  should  be  given  to 

the  drills  that  are  used  in  drilling  the  bore  holes,  and  the  points  of 

the  bits  when  being  sharpened  should  be  made  to  a  standard  size. 
Before  a  shot  is  fired  in  a  working  place  ''bug''  dust  and  all  other 

coal  dust  should  be  thoroughly  wet  and  sent  out  of 
the  working  place.  No  cause  of  explosions  has  been 
more  common  than  the  presence  of  coal  dust  when 

shots  are  being  fired.     If  the  working  place  is  naturally  dry,  it  should 

be    thoroughly    sprinkled, 

and  aU  the  ribs,  roof,  and     W/mmmW/M/M/M//mm. 

props  within  40  feet  of  the 

shot  washed  down  by  hose 

before  shots  are  fired. 
Good  results  have  been 

obtained  in  bituminous  coal 

mines    during   the    winter 

months  by    warming    and 

moistening 

tering  the 
mine  by  means  of  exhaust 
steam  and  spraying  devices. 
In  experiments  made  in  De- 
cember, 1908,  at  the  Pitts- 
burg testing  station  the  out- 
side air  entering  the  gallery 
was  warmed  up  to  a  mine  temperature  and  moistened  by  drawing 
it  through  humidifiers.  It  was  found  that  if  the  air  is  kept  at  a 
relative  humidity  of  90  per  cent  and  a  temperature  of  60°  F.  for 
48  hours,  thus  giving  conditions  hke  those  of  summer  in  a  mine, 
the  taking  up  of  moisture  by  the  dust  and  the  blanketing  effect  of 
the  moist  air  prevent  a  general  ignition  of  the  dust  by  a  blown-out 
shot  of  black  powder. 

Since  the  new  permissible  explosives  began  to  be  used  it  has  been 

found  that  more  satisfactory  results  are  obtained  in 
mines  where  the  loading  and  tamping  of  all  shots  are 
done  by  a  few  competent  men  known  as  ''shot  firers." 

For  the  greatest  safety  the  loading  and  firing  of  all  shots  should 
be  done  by  shot  firers  after  all  other  men  have  left  the  mine.     The 


Goal 


FiiiuBE  8.— Bore  hole  for  permissible  explosives. 


Shot  llzen. 


44  A  PRTMER   ON   EXPLOSIVES  FOR   COAL  MINERS. 

practice  of  having  all  shots  loaded  and  fired  by  shot  firers  during 
the  shift,  which  has  lately  been  introduced  in  some  of  the  mines  of 
the  Pittsburg  district,  is  certainly  a  step  in  the  right  direction. 

It  is  plain  that  the  greatest  safety  and  best  work  can  not  be  ob- 
tained when  the  miners  are  allowed  to  load  and  fire  their  shots, 
because  the  new  permissible  explosives  must  be  properly  handled 
to  get  the  desired  results.  The  shot  firers  should  be  selected  from 
the  more  intelligent  miners,  and  they  should  be  thoroughly  instructed 
in  the  great  dangers  that  arise  when  the  permissible  explosives  are 
used  in  any  other  manner  than  that  specified  by  the  Pittsburg  test- 
ing station. 


LOADING  AND  FIRING  CHARGES  OF  EJCPIiOSIVES, 


In  blasting,  any  explosive   gives  the  greatest  disruptive  effect 

when  the  charge  most  completely  fills  the  borehole 
.ir*'"""'  from  side  to  side.     If  the  explosives  are  suppUed 

in  cartridge  form  this  condition  can  often  be  obtained 
in  the  bore  hole  by  splitting  the  wrapper,  gently  pushing  a  cartridge 
down  into  place  in  the  bore  hole  with  a  tamping  stick,  gently  squeez- 
ing it  so  that  it  spreads  out  to  fill  the  entire  width  of  the  hole,  and 
repeating  this  with  each  cartridge  until  the  charge  has  all  been 
put  in.     Finally,  the  detonator  is  placed  in  the  last  cartridge  put 

in,  and  this  cartridge  is  known  as  the  primer.     The 
primer  is  gently  pushed  down  into  place  in  firm  con- 
tact with  the  remainder  of  the  charge,  and  the  hole  is  tamped  (fig.  9). 


Piiincr. 
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DeniritF  of  charge. 


FiouBE  9.— Bore  hole  ready  for  flring. 

If  the  same  weights  of  different  explosives  are  of  equal  strength,  the 

one  that  takes  up  least  space — that  is,  the  densest — 
will  have  the  greatest  effect  in  breaking  coal  or 
rock.  Of  two  cartridges  of  equal  size  containing  different  explo- 
sives the  heavier  cartridge  is  said  to  have  the  greater  density. 

Black  blasting  powder  to  be  used  in  blasting  is  made  up  into  a 

cartridge  by  means  of  a  paper  wrapper  which  has 
btajttacpowdw!**^  been  formed  about  the  handle  of  a  pick.     When  this 

cartridge  has  been  charged  with  powder,  the  electric 
igniter  or  fuse  is  placed  and  well  fastened,  and  the  cartridge  should 
then  be  gently  pushed  down  into  the  bore  liole  by  means  of  a  wooden 

tamping  stick,  which  is  safer  tlian  any  metal  bar. 
An  iron  tamping  bar  should  never  be  used.  When 
squibs  are  used,  the  cartridge  of  powder  is  placed  in  the  bore  hole 
and  then  the  stemming  **  is  put  in  about  a  copper  or  brass  needle 

a  In  this  boUetln  and  in  other  publications  of  the  Bureau  of  Mines,  the  material  packed  on  a  charge  in 
a  bore  hole  is  termed  "stemming  ";  the  act  of  packing  or  ramming  the  material  Is  termed  "  tamping." 
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rod  until  the  hole  is  filled.     Then  the  copper  needle  is  withdrawn 
and  the  squib  is  put  through  the  opening. 

When  only  fuse  is  used,  it  should  be  long  enough  to  reach  beyond 

the  mouth  of  the  bore  hole.  The  stemming  should 
^m^  fuse  and  |^^  packed  in  about  the  fuse  quite  to  the  mouth  of  the 

bore  hole,  and  the  fuse  should  be  completely  sur- 
rounded by  tamping. 

It  is  observed  that  in  some  mines  the  practice  has  been  to  use 

but  a  short  length  of  fuse  and  to  let  the  charge 
.S^:l^  explode  untamped,  or  simply  secured  by  running 

the  tamping  bar  into  the  hole.  This  is  a  very  bad 
and  dangerous  practice  and  should  be  forbidden. 

When  detonators  are  used  together  with  a  fuse,  the  fuse  should 

be  cut  off  squarely  at  the  end,  gently  inserted  within 
oiiator^''*^^***'  ^^^  detonator  until  the  powder  core  touches  the  deto- 
nating composition,  and  then,  with  the  fuse  held  in 
the  left  hand,  the  detonator  should  be  crimped  onto  the  fuse  with 
crimpers  close  to  the  open  end  of  the  cap,  so  as  to  make  a  perfectly 
tight  and  secure  joint,  care  being  taken  in  crimping  that  no  pressure 
is  brought  to  bear  upon  the  detonating  composition. 
Two  ways  are  in  use  of  inserting  the  detonator  and  attached  fuse 

into  the  stick  of  explosive  that  goes  on  top  of  the 
deto^rS^ri^r  charge   and  is   known   as   the   primer.     The   more 

approved  way  is  to  open  the  top  of  the  cartridge  or 
stick  of  explosive  by  unfolding  the  paper  at  the  end;  then  to  make 
a  hole  by  means  of  a  wooden  skewer  or  lead  pencil  in  the  top  of  the 
cartridge,  deep  enough  to  let  the  detonator  be  pushed  into  it  up  to 
the  line  of  crimping;  then  to  gather  the  end  of  the  paper  jacket  or 
envelope  together  about  the  fuse,  the  whole  being  bound  with  twine, 
so  as  to  fasten  the  detonator  and  fuse  firmly  in  place. 

Another  way  that  is  sometimes  used  is  to  insert  the  wooden  skewer 
into  the  side  near  the  upper  end  of  the  priming  cartridge  so  as  to 
make  a  slanting  hole  in  the  charge  deep  enough  to  take  the  detonator 
up  to  the  crimping  mark,  then  to  insert  the  detonator  and  bind  it  and 
the  fuse  close  to  the  cartridge  with  twine.  (See  PI.  IX,  A.) 
The  first  way  is  perhaps  more  generally  used,  and  it  is  better 

where  the  cartridge  fits  neatly  into  the  bore  hole. 
Be  careful  not  to  When  the  second  way  is  used,  the  bore  hole  must  be 
of  pxtmer.  larger,  as  there  should  be  some  leeway  between  the  car- 

tridge and  the  side  of  the  hole.  In  either  way,  when 
the  primer,  with  the  detonator  and  fuse,  is  put  into  the  bore  hole, 
extreme  care  should  be  taken  that  they  do  not  come  apart,  for  if 
there  is  any  space  between  the  cartridges  in  a  charge,  or  particularly 
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between  the  detonator  and  the  explosive  in  the  priming  cartridge, 

the  explosion  may  be  prevented  altogether,  or  may 

Detonator  mnst  ^^  g^  y^jy  ^qot  one.     Likewise,  when  a  fuse  and  deto- 

bnztod.  nator  are  used  in  loading,  care  should  be  taken  that 

the  detonator  is  not  completely  buried  in  the  explo- 
sive, for  as  the  fuse  bums  and  fire  rushes  from  its  end  some  of  it 
may  blow  out  over  the  top  of  the  detonator  and  set  fire  to  the  explo- 
sive about  it  before  the  detonator  is  set  off.  This  has  been  a  common 
cause  of  inferior  and  dangerous  explosions. 
The  same  sort  of  trouble  happens  if  coal  dust  or  any  other  dirt 

is  allowed  to  get  between  the  cartridges  in  a  charge, 
tridg«w!^*^"^"  **^  or  between  the  priming  cartridge  and  the  charge. 

In  loading,  extreme  care  should  be  tdken  to  make  sure 
that  the  cartridges  all  touch  one  another  closely. 

When  electric  detonators  are  used  they  are  fastened  in  the  priming 

cartridge  in  ways  like  those  described  above  for  det- 
d6toni!to!nu  ^'^^'^^  onators  used  with  fuse.  Wlien  the  electric  detona- 
tor is  inserted  in  a  hole  in  the  side  of  the  priming 
cartridge,  the  practice  has  sometimes  been  to  fasten  it  firmly  by 
taking  a  half  hitch  around  the  priming  cartridge  with  the  legs  of  the 
detonator,  the  loading  and  tamping  being  then  done  as  already 
described.  This  last  means  of  attaching  the  electric  detonator  to 
the  priming  cartridge  is  not  a  good  one,  because  the  legs  are  likely  to 
become  kinked,  and  also  because  there  is  a  chance  that  when  the 
priming  cartridge  is  pushed  into  place  the  insulation  may  be  rubbed 
off  from  the  legs  and  the  wires  may  be  short-circuited. 
Although  it  has  been  stated  that  with  certain  explosive,  which 

are  somewhat  largely  used,  the  cartridge  case  may 
iput  and  tisbtiy  be  Split  and  the  charge  rammed  firmly  into  place, 
pM^ed^maynottz-  (;hig  jg  j^^i  ^j^q  universal  practice  and  should  not  be 

done  wath  all  the  ammonium-nitrate  class  of  explo- 
sives (p.  21),  nor  with  some  of  the  nitro-substitution  explosives,  for  if 
they  are  tightly  rammed  in  the  bore  hole  it  is  difficult  or  even  almost 
impossible  to  explode  them. 

After  the  priming  charge  with  its  fuse  and  detonator  or  its  electric 
detonator  has  been  inserted  in  the  bore  hole,  the  hole  should  be 
tamped  with  clay  or  with  other  material  that  can  not  burn.     It 

should  never  be  tamped  with  coal  dust  (oitluT  wet  or 
^aurtoMttoM    for   ^^^  ^j,  ^j^j^  machine  cuttinj^s,  known  as  ''bug  dust.'' 

The  tamping  should  be  done  by  means  of  a  wooden 
tamping  stick.  The  pressure  in  tamping  should  bo  very  gentle  on 
the  first  tamping  material  put  in,  particularly  if  detonators  are  used 
in  the  primers,  and  great  care  should  be  taken  at  this  time  not  to 
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disturb  the  position  of  the  detonator  in  the  primer.  Special  care 
should  be  taken  not  to  draw  the  detonator  out  from  the  primer  or 
the  fuse  out  from  the  detonator.  Wlien  fuse  is  used,  care  should 
ako  be  taken  not  to  rub  its  surface  off. 

After  the  first  6  inches  of  the  stemming  material  has  been  pressed 
down,  greater  force  may  be  used  in  ramming  the  rest,  because  the 
firmer  the  stemming  is  the  better  is  the  woik  of  the  explosive  and 
the  less  is  the  chance  of  a  blown-out  shot.  The  stemming  should  be 
contmued  quite  up  to  the  mouth  of  the  bore  hole.  K  fuse  has  been 
used,  the  upper  side  of  it  near  the  end  may  now  be  cut  into  on  a  slant; 
with  a  sharp  knife,  and  the  outer  part  bent  away  so  as  to  foim  a 
notch  in  which  the  powder  from  the  core  gathers  and  to  which  the 
igniter  is  applied.  This  cutting  prevents  the  loss  of  powder  from 
the  fuse  and  makes  it  easier  to  light. 

The  sliattering  effect  of  high  explosives  may  bo  lessened  in  loading 

simply  by  pushing  the  cartridges  into  place  without 

Air    ipadnc    of  spUtting  or  afterward  squeezing  them,  so  that  an  air 

■hatterinc  effect.       space  will  be  left  about  the  cartridges  in  the  bore  hole^ 

and  then  proceeding  with  the  priming  and  tamping. 
This  air  space  notably  lessens  the  shattering  effect  of  the  explosive 
(fig.  10). 

'9.'Zw^^-^zW/'^/y^^  
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FiouiiB  10.— I.<oaded  bore  hole  showing  air  spaoe  about  the  charge. 

Where  it  )«*-  desired  to  use  black  blasting  powder,  electric  black- 
powder  igniters,  sometimes  called  electric  safety  fuses 
or  squibs,  are  recommended  for  setting  off  shots. 
They  are  m^d^  in  a  general  way  like  electric  detonators,  but  gun- 
powder or  other  slow-burning  composition  is  used  in  them  instead 
of  detonating  composition.  They  arc  mudi  safer  for  use  in  coal 
mines  than  ordinary  squibs  or  fuse,  both  because  they  do  not  throw 
fire  into  the  mine  air  and  because  they  ])ermit  better  tamping  of  the 
bore  holes. 

It  sometimes  happens  that  it  is  desired  to  fire  a  number  of  charges 
at  the  same  instant.  This  is  readUy  done  with  electric  detonators 
by  coupling  them  up  in  series  from  hole  to  hole  and  firing  by  one 
discharge  from  the  machine.     This  method  endangers  the  roof  and 

may  cause  falls.  In  mines  other  than  coal  mines  it 
may  be  done  by  instantaneous  fuse  running  from  a 
central  fuse  to  the  several  charges,  but  this  practice 
is  not  a  good  one  in  coal  mines,  because  the  fuse  may  set  fire  to  any 
dust  or  gas  that  is  present. 
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In  coal  mines  it  is  more  commonly  desired  to  fire  one  or  more  of 

the  charges  before  the  other  charges,  and  tliis  may 
oaaton."*****^  ***"  be  done  in  a  single  act  of  firing  by  the  use  of  the 

delay-action  electric  detonators  already  described 
(p.  37).  An  ordinary  electric  detonator  is  placed  in  the  charge 
for  the  CMitral  breaking-down  shot,  and  delay-action  electric  deto- 
nators are  placed  in  the  chaises  for  the  right  and  left  rib  shots.  This 
method  of  firing  has  many  advantages  over  the  methods  of  firing 
successive  shots  by  means  of  different  lengths  of  running  fuse,  but 
neither  method  is  recommended  for  use  in  gassy  or  dusty  coal  mines. 
The  safest  way  is  to  fire  but  one  shot  at  a  time,  and  to  allow  time 

enougJi   between  shots  for  the  ventilating  current 
■ateir    In    itaifie  to  mix  with  and  render  harmless  the  products  of 

combustion  from   the  previous  shot   and   to   carry 


off  any  coal  dust  that  may  have  been  thrown  into 
the  air  by  the  shock  of  the  previous  shot.  The  interval  of  time  that 
should  elapse  between  shots  differs  with  local  conditions  and  the 
amount  of  ventilation,  but  in  ordinary  mining  practice  the  interval 
should  never  be  less  than  five  minutes  for  shots  made  in  the  same 
working  place. 

In  the  making  up  of  charges  for  loading  bore  holes  and  during 

the  loading,  extreme  care  should  be  taken  that  the 
anShmi^!^"^'*"*  explosives  are  not  exposed  to  the  flames  from  naked 

lamps  or  to  sparks  from  the  striking  of  metals  upon 
each  other  or  upon  rocks,  or  from  any  source,  since  any  of  these 
may  cause  serious  accidents. 

As  already  suggested,  the  right  size  for  a  charge  of  explosive  for 

blasting  in  a  coal  mine  can  be  found  better  by  practice 

TMiare  of  fom«-  than  by  theory.     Several  formulas  havx*-been  devised 

ohaxfM.  by  which  to  determine  the  right  charge  beforehand, 

but  unfortunately  they  have  not  given  satisfactory 
results  in  practice.  If  the  material  or  mass  to  be  blasts'  were  always 
alike  throughout  and  of  equal  hardness,  theoretical  rules  could  be 
made  to  apply,  but  such  is  not  the  fact.  Differences  in  the  resist- 
ance of  the  material  to  be  blasted  and  in  the  rate  of  burning  or 
detonation  and  the  breaking  force  of  the  different  explosives  all 
affect  the  results  of  a  blast. 
Thus,  for  instance,  in  soft  bituminous  coal  a  permissible  explosive 

containing    only    20   per    cent    of  nitroglycerin  has 


CMipwiaam  of  ef-  been  found  to  bring  down  more  coal,   and  better 
pioiNm.  coal,  than  one  made  under  a  similar  formula  but 

containing  25  per  cent  of  nitroglycerin.  A  very 
quick  explosive  should  not  be  used  in  bituminous  coal  mines  where 
lump  coal  is  sought.     For  instance,  40  per  cent  dynamite,  which 
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has  been  found  by  exp^iment  at  the  Pittsburg  testing  station  to 
have  a  rate  of  detonation  of  4,688  meters  (15,380  feet)  per  second, 
is  unsuitable  for  producing  lump  coal;  but  the  permissible  explosives 
that  have  rates  of  detonation  between  1,866  and  3,617  meters 
(6,122  and  11,867  feet)  per  second  are  found  to  be  well  adapted 
for  this  work.  Explosives  that  develop  very  high  pressures  are 
also  unsuited  for  this  work.  Thus  the  40  per  cent  dynamite  referred 
to  above  has  been  found  to  produce  a  pressure  of  8,308  kilograms 
per  square  centimeter  (118,165  pounds  per  square  inch),  but  the 
permissible  explosives  show  pressures  as  low  as  4,833  kilograms  per 
square  centimeter  (68,740  pounds  per  square  inch). 

In  deciding  on  the  charge  of  a  permissible  explosive  for  use  in 

a  coal  mine  it  is  safe  practice  to  use  about  one-half 

Biae  of  ohaxffe  of  the  weight  of  black  blasting  powder  that  would  be 

^1  for ooai BUMS,    needed  to  do  the  work;  but  no  charge  of  permissible 

explosives  should  be  more  than  1^  pounds.  As  stated 
before  (p.  42),  bore  holes  for  permissible  explosives  are  placed  by  a 
different  rule  for  depth  and  direction  than  that  which  is  followed 
when  black  powder  is  used.  No  permissible  explosives  nor  any 
high  explosive  should  ever  be  used  in  the  same  bore  hole  with  black 
blasting  powder. 

The  most  obvious  objections  to  overloading  are  that  it  crushes 

and  wastes  the  coal,  and  that  it  throws  fire  and  flame 

ofSrioadtol!^'*'  ^  ^"^  ^^^^  ^^®  ^^  ^'  *^®  mine.    Another  objection 

is  that  the  surplus  force  of  the  shot  may  so  weaken 
the  roof  and  surroundings  as  to  cause  falls,  which  may  not  occur, 
Jiowever,  for  some  time  after  the  shot  has  been  fired. 

Underloading,  on  the  other  hand,  not  only  causes  loss  and  waste, 

but  it  may  so  fissure  the  coal  near  by  as  to  make  it 
luSiMioluuttf.*'  **  dangerous  to  fire  another  shot  near  the  place.     At 

the  same  time  it  may  happen  that  the  underloaded 
chaise,  though  not  strong  enough  to  bring  down  the  coal,  may  spring 
the  bore  hole,  throw  out  the  tamping,  and  give  a  blown-out  shot; 
that  is,  a  charge  that  is  not  heavy  enough  to  make  a  blast  may  be 
heavy  enough  to  act  in  a  bore  hole  as  it  would  in  the  barrel  of  a  gun; 
and  this  may  happen  particularly  if  the  tamping  is  not  well  secured 
and  firm.  Blown-out  shots  are  especially  to  be  feared  in  dusty  and 
gassy  mines,  because  it  has  been  found  that  explosive  mixtures,  such 
as  are  present  in  such  mines,  are  most  sure  to  catch  fixe  and  bum 
most  completely  when  a  mass  of  flame,  and  more  particularly  a  mass 
of  glowing  solid  particles,  is  thrown  into  their  midst.  Investigation 
has  shown  that  the  larger  number  of  the  recent  disasters  in  coal  mines 
have  been  due  to  blown-out  shots. 
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Premature  explosions,  misfires,   and   hangfires    are    most    likely 

to  happen  when  squibs  and  fuses  are  used  to  set 

pnoAton  wpio-  off  charges,  owing  to  defects  that  may  be  in  these 

lumgiing.  devices   from   the  first,  or  may  be  caused   m   the 

handling,  carrying,  or  loading  of  them.  Miners  are 
especially  warned  m  case  of  a  hangfire  to  avoid  returning  to  the  breast 

until  half   an  hour   has   passed.     Hangfires   rarely 
Keep  awfty  from  a  happen  with  elcctric  detonators,  but  it  is  possible 

bangltra  for  half  an      «•  «  *  ^iii* 

honr.  that  they  may  happen  more  often  with  delay-action 

detonators. 
Incomplete  explosions  may  result  from  several  causes.    They  may 

be  due  to  failure  to  push  in  all  the  cartridges  of  a 
rtOTm.'***'    '^^  charge  till  they  touch  one  another,  thus  leaving  an 

air  space  between  them,  or  else  a  mass  of  coal  dust 
or  dirt,  which  breaks  the  path  of  the  detonation  from  cartridge  to 
cartridge.  They  may  be  due  to  the  pulling  out,  even  but  a  little 
way,  of  the  detonator  from  the  primer  or  of  the  fuse  from  the  det- 
onator. In  the  use  of  nitrate  of  ammonia  or  nitro-substitution 
powders  incomplete  explosions  may  be  due  to  too  tight  packing 
and  compressing  in  the  bore  hole.  In  any  case,  a  partial  explosion 
is  a  marked  source  of  danger;  first,  because  it  may  have  the  effects 
of  an  underloaded  charge;  second,  because  the  unexploded  part  of 
the  charge  may  burn  and  throw  out  fiame  and  sparks  into  the  mine, 
and  also  give  out  poisonous  gases  and  fumes;  third,  because  the 
unexploded  part  of  the  charge,  if  it  is  not  burned  up,  may  be 
brought  down  with  the  coal  and  give  rise  to  an  accident  in  the 
breaker,  or,  if  it  passes  the  breaker,  to  an  accident  in  the  transporta- 
tion or  the  use  of  the  coal.  Whenever  there  is  a  partial  explosion,  if 
coal  has  been  brought  down,  careful  search  should  be  made  in  the 
coal  for  the  remainder  of  the  charge. 

In  case  of  a  misfire  no  attempt  should  be  made  to  draw  the  charge, 
but  a  new  bore  hole  should  be  placed  at  least  2  feet  away  from  the 
first  one  and  fired,  and  after  the  coal  has  been  brought  down  it 
should  be  carefully  looked  over  to  find  any  unexploded  material  that 
may  have  come  from  the  hole  that  misfired.  When  a  hole  charged 
with  black  blasting  powder  has  misfired,  the  stemming  and  charge  may 
be  withdrawn,  drenching  them  with  water  while  withdrawing  them. 
After  the  hole  has  been  dried  out  it  may  be  reloaded. 


FIRING  BLASTS  BY  ELECTRICITT. 

The  methods  used  in  causing  the  explosion  of  chaises  in  blasting 

depend  on  the  nature  of  the  explosive.  To  cause  the 
byfljuS'  ^'  ^'^^  explosion  of  an  explosive  of  the  black-powder  class^ 

it  is  only  necessary  to  put  a  flame  to  it,  but  a  violent 
shock  is  necessary  to  cause  the  detonation  of  high  explosives  so  that 
they  will  have  their  greatest  breaking  effect.  As  already  stated, 
black-powder  charges  are  set  off  by  means  of  squibs,  fuse,  or  electric 
igniters.  Squibs  and  fuse  are  set  on  fire  by  means  of  the  flame  of 
the  miner's  lamp,  or  sometimes  by  heating  a  wire  to  the  glowing  point 
in  the  miner's  lamp  and  applying  it  to  the  match  of  the  squib  or  the 
cut  end  of  the  running  fuse;  but  evidently  these  methods  would  be 
dangerous  in  fiery  coal  mines,  and  hence  they  should  never  be  used 
in  such  mines. 

An  electric  igniter  or  an  electric  detonator  should  be  so  loaded 
into  a  bore  hole  that  while  it  is  in  perfect  contact  with  the  charge  the 
legs  of  it  reach  at  least  6  inches  out  of  the  completely  tamped  hole. 
Both  legs  should  be  bared  of  their  insulation  for  about  2  inches  from 

their  ends,  and  the  wires  scraped  bright  so  that  a  good 
ieS^^i.**"  ^  electrical  contact  can  be  made  with  them.     Each  leg 

is  then  firmly  connected  with  one  of  the  leading  wires 
by  about  five  turns.     It  is  bad  practice  to  have  the  two  splices  directly 

opposite  each  other,  because  when  the  leading  wires 

spuces  should  not  ^re  puUcd  the  splices  may  touch  one  another  and 

pinj^puoes.     ^^    thus  make  a  short  circuit,  which  will  prevent  the 

electric  igniter  or  electric  detonator  from  being  ex- 
ploded. A  better  plan  is  to  wrap  the  bare  wire  splices  with  tape  made 
for  the  purpose,  which  will  completely  insulate  them. 

After  the  legs  are  spliced  to  the  leading  wires  (and  only  after),  the 

wires  are  connected  to  the  firing  machine  from  which 
GoBB0oti]ig  lead-  ^j^g  elcctric  Current  is  to  be  obtained.     This  last  con- 
machine.'  ^  nection  should  never  be  made  until  all  the  men  are 

at  a  safe  distance  from  the  place  where  the  blast  is 
to  be  fired.    The  rule  should  be  made  and  never  broken  that  when  bore 

holes  are  charged  the  connecting  up  shall  move  from 
be  madrfrom'bow  the  bore  holc  back  to  the  firing  machine.  The  work 
hole  to  firing  ma-  jj^  ^y^^Q  mine  should  so  organized  that  it  can  never 

be  possible  for  the  leading  wires  to  be  coupled  up  to 
the  firing  machine  while  anyone  is  about  the  place  where  the  holes 
are  being  charged  and  where  the  blast  is  to  be  fired.     In  heavy  blasts 
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in  deyelopment  work,  two  or  more  electric  detonators  may  be  used 

to  good  advantage  in  the  same  bore  hole.     For  this 
niSwr^taMitoif***^  purpose  they  are  connected  up  in  series,  which  means, 

for  two  detonators,  that  a  leg  of  each  is  bared  and  the 
two  legs  twisted  together  and  wrapped  with  insulating  tape,  and  that 
then  the  two  free  legs  are  attached  to  the  leading  wires,  just  as  where 
but  a  single  detonator  is  used.  In  coal  mining  the  charge  used  should 
never  be  so  lai^e  as  to  require  the  use  of  more  than  one  detonator  in 
tbe  same  hole. 
When  it  is  desired  to  fire  two  or  more  holes  at  the  same  time  the 

detonators  for  these  holes  should  also  be  connected  up 
in  series,  and  to  bridge  the  space  between  the  holes  a 
cheap  insulated  wire,  known  as  connecting  wire,  which  is  not  as  heavy 
as  the  leading  wires,  may  be  used.  In  coupling  up  a  series  of  holes 
for  this  purpose,  one  leg  of  the  detonator  is  connected  to  one  leg  of 
the  detonator  in  the  next  hole,  and  so  on  to  the  last  hole.  There  is 
then  left  one  free  leg  in  the  first  hole  and  one  free  leg  in  the  last  hole, 
and  these  are  spliced  to  the  leading  wires.  The  usual  precautions 
should  be  taken  to  wrap  all  the  spUces  with  insulating  tape,  so  as  to 
completely  insulate  them,  and  thereby  insure  a  good  circuit  through 
which  the  current  may  pass.  It  should  be  borne  in  mind  that  the 
greater  the  number  of  holes  to  be  fired  in  a  single  blast  the  greater 

is  the  necessity  for  making  sure  that  the  circuit  is 

Buigtr   from   a  complete  throughout,  because  if  there  is  a  break  or 

entt.  a  short  circuit  at  any  point,  the  blast  will  probably 

fail  to  fire.     The  delay,  expense,  and  danger  caused 
bj  such  a  failure  can  be  prevented  by  giving  careful  attention  in  the 
first  place  to  the  chaining  and  the  wiring. 
The  electric  current  for  use  in  firing  electric  igniters  or  electric 

detonators  may  be  obtained  either  from  primary  bat- 

tenes,  such  as  dry-cell  battenes,  or  from  secondary 

batteries,  such  as  storage  batteries,  or  from  electric-lighting  circuits, 

or  from  generators  known  as  electric  firing  machines.     (See  PL  IX,  -B.) 

Firing  charges  of  explosives  by  means  of  ordinary  dry  cells  has 

been  prohibited  in  foreign  countries,  because  prema- 
ture firing  of  detonators,  and  sometimes  of  the  chaise, 
has  been  caused  by  the  wires  coming  into  contact  with  the  poles  of 
the  batteries.  Safety-contact  dry-cell  batteries  have  lately  been 
introduced  abroad  and  in  this  country.  These  are  made  with  a 
spring-key  contact,  or  with  two  safety-spring  contact  buttons,  which 
are  the  poles  of  the  battery.  The  two  leading  wires  are  laid  on  the 
buttons,  which  are  at  the  same  time  pushed  downward.  When  the 
pressure  of  the  thumbs  is  released  the  contact  is  broken.  If  the  wires 
of  a  detonator  accidentally  come  into  contact  with  the  poles  of 
the  battery,  the  current  can  not  be  discharged  unless  both  poles  are 
pushed  downward. 
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Dry  cells,  small  batteries,  and  some  firing  machines  can  be  carried 

about  by  the  miner  who  is  to  act  as  shot  firer,  and  this  is  an  advantage 

that  insures  him  against  premature  firing  by  any  other  person. 

^  _x  ^.  ^  _         Such  small  devices  can  at  best  be  used  with  only  a  few 

shots  m  one  circuit.  The  number  of  shots  to  be  fired 
and  the  length  of  leading  wires  and  other  conductors  through  which 
the  firing  is  to  be  done  must  be  known  beforehand,  so  that  a  battery 
of  sufficient  capacity  can  be  selected.  Batteries  often  fail  to  fire 
blasts  because  they  can  not  send  such  a  current  as  will  fire  through  the 
great  length  of  leading  wires,  connectors,  and  detonator  legs  that  is 

used  for  the  blast.  A  simple  way  to  test  the  strength 
ofbl^riei.'*'***'*^  ^^  *^^®  batteries  is  to  pass  the  current  through  a  small 

electric  lamp  of  known  capacity  and  note  the  biight- 
ness  of  the  light  given  by  the  lamp.  Another  w^ay  is  to  pass  the  cur- 
rent from  the  battery  through  a  testing  circuit  whose  resistance  is 
equal  to  that  of  the  circuit  of  a  blast  and  which  has  in  it  one  electric 
detonator.  If  the  battery  fires  this  detonator  (wliich  should  be  put 
in  a  safe  place)  it  is  strong  enough  and  is  in  good  condition.  (See  PI. 
IX,  C.) 

When  the  electric  current  for  firing  is  obtained  from  an  electric- 
lighting  circuit  the  connections  are  usv^Uy  made  in 
tri^ttos^r  parallel;  that  is,  one  leg  of  every  detonator  is  con- 
nected to  one  of  the  leading  wires  and  all  the  other 
legs  tor  tlie  other  leading  wire.    Care  must  be  taken,  by  the  use  of 

insulating  tape,  that  there  shall  be  no  short-circuiting 
pwa^!****^  ^^  *"  ^^  these  connections.    This  method  has  the  advantage 

that  if  there  is  a  defective  electric  igniter  or  electric 
detonator  in  the  circuit  its  failure  will  not  prevent  the  rest  of  the  blast 
from  being  fired;  but,  on  the  other  hand,  this  method  is  objectionable 
because  at  any  time  after  the  explosion  of  the  good  igniters  or  detona- 
tors the  unexploded  charge  w4th  the  defective  igniter  or  detonator  may 
be  blown  out  and  scattered  in  the  coal,  or  it  may  even  be  set  afire  or 
perhaps  exploded  in  the  air  of  the  mine  by  shock  or  friction.  Further- 
more, in  this  and  other  methods  of  electric  firing  an 
^^matnre  electric  accidental  premature  blast  may  possibly  be  caused 

by  leakage  from  the  electric  main  to  the  earth  and 
through  the  leading  wires  or  connections,  which  may  have  become 
bared  by  rough  handling  or  may  not  have  been  properly  covered  by 
the  insulating  tape.  Premature  explosions  have  been  known  to  occur 
that  were  caused  by  leakage  due  to  defective  insulation. 

Firing  machines,  sometimes  called  blasting  machines,  generate 

the  electric  current  to  be  used  in  firing  by  mechan- 
J^'."°-^  jcal  means.    A  variety  of  such  machines  have  been 

invented,  but  the  two  best-known  classes  are  the 
dynamo-electric  machines  and  the  magnetos.    The  dynamo-electric 
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machines  are  made  like  ordinary  dynamos  used  for  j:jenerating  electric 
currents,  differing  only  in  that  they  are  worked  hy  hand.  They  con- 
tain a  coil-wound  armature  which  is  rotated  between  the  poles  of  an 
electromagnet.  This  armature  can  be  made  to  revolve  by  means  of 
a  crank  or  a  vertical  ratchet  geared  direct  to  the  spindle  of  the 
armature.  The  machines  \^^th  ratchet  bars  are  made  so  as  to  store 
Tip  the  current  during  a  stroke,  until  just  as  the  stroke  is  ended  the 
entire  current  that  has  gathered  is  discharged  through  the  leading 
-wires. 

These  machines  are  built  in  different  sizes  and  are  rated  according 

to  the  number  of  electric  detonators  they  can  fire. 
J^J^^tT"  Thvis,    a    "50-hole"    machine    vnll,    when   i)roperly 

worked,  fire  50  detonators  at  one  discharge.  The 
machines  usuallv  built  for  use  in  coal  mines  are  rated  as  ''4-hole" 
machines,  and  such  a  machine  can  be  conveniently  carried  about  by 
the  miner  or  shot  firer. 

The  magneto  macliinos  consist  mainly  of  an  armature  revolving 

between  the  poles  of  a  set  of  permanent  magnets. 
They  look  much  like  the  dynamo-electric  machines 
that  are  worked  by  cranks,  and  they  are  used  in  much  the  same  way. 
These  magneto  machines  are  used  to  a  considerable  extent  in  foreign 
countries,  but  the  '*push  down"  dynamo-electric  machine  is  the  one 
most  commonly  used  in  the  United  States. 

The  leading  wires  that  carry  the  current  from  the  blasting  machine 

to  the  blast  hole  are  of  insulated  copper  wire,  copper 

being  used  because  it  is  one  of  the  best  conductors 

of  electricity  known  and  has  the  further  advantage  of  being  but 

Uttle  corroded  in  damp  mines.    These  leading  wires  or  firing  lines 

are  insulated  with  a  braided  covering,  which  is  better 
bj^ttonofiMd-  j£  made  waterproof.    In  some  instances  the  two  wires 

are  twisted  together  and  wrapped  with  an  additional 
coating  of  braid,  making  them  into  one  cable,  which  has  the  advan- 
tage of  being  more  easily  handled  than  two  separate  leading  wires, 
and  has  also  the  advantage  of  the  added  protection  given  by  the 
additional  braiding. 

After  the  blast  has  been  fired,  the  ends  of  the  leading  wires  should 

be  immediately  disconnected  from  the  posts  of  the 
inqMctioA  and  rs-  firing  machine,   and  the  lines  should  be  examined 
^rtotoc.  *  for  their  whole  length  in  order  to  see  that  the  insu- 

lation has  not  been  broken  by  coal  or  rock  thrown 
against  it,  nor  been  stripped  by  the  force  of  the  blast.  Wliere  such 
defects  or  injuries  are  found,  they  should  at  once  bo  repaired  with 
insulating  tape,  and  then  the  loading  wires  should  be  placed  where 
they  are  not  liable  to  injury  until  thoy  are  again  needed. 
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For  testing  the  line  after  it  is  connected  up,  and  before  the  firing, 

in  order  to  show  that  the  circuit  is  complete  and 
that  there  is  no  leakage  in.  the  wires,  a  special  gal- 
vanometer may  be  used,  together  with  a  battery  such  aa  many 
of  the  manufacturers  of  explosives  now  sell.  This  galvanometer, 
Uke  others,  bears  upon  its  face  a  needle,  which  is  turned  or  deflected 
if  an  electric  current  is  present.  By  noting  whether  this  needle  is 
deflected  or  not  one  can  tell  whether  the  circuit  is  closed  or  open, 
and  the  extent  of  the  deflection  shows  just  how  little  resistance 

there  is  in  the  circuit.  To  use  the  galvanometer,  the 
^^■e  of  gatranom-  ^jp^  leading  from  it  are  connected  to  the  two  binding 

posts  of  the  firing  machine,  to  wliich  the  wires  leading 
to  the  chaise  have  already  been  connected.  The  deflection  may  then 
be  noted.  The  current  generated  by  the  very  weak  battery  cell 
attached  to  the  galvanometer  should  not  be  strong  enough  to  fire  tlie 
electric  detonators  used  in  the  bore  holes,  but  is  enough  to  deflect  tlie 

galvanometer    needle.     This    testing    galvanometer, 

to^ba^t^enr*''*'*"  ^^^  ^^  attached  battery,  should  never  be  applied 

directly  to  the  face  to  be  blasted,  even  when  it  is 
being  used  to  find  out,  when  the  test  has  shown  no  current,  which  of 
the  electric  igniters  or  electric  detonators  are  defective.  The  tests 
for  the  separate  detonators  or  igniters  should  always  be  made  through 
leading  wires  long  enough  to  let  the  person  making  the  test  stand 
where  he  would  be  perfectly  safe  if  the  blast  should  be  fired;  and  on 
no  account  should  this  testing  of  the  igniters  or  detonators  be  made 
while  any  person  is  so  near  that  he  may  be  in  danger  from  the  blast. 


KXPIiOSIVES  rN*  Sr^KING  SHAFTS  AND  BLASTING  ROCK 

AND  DIRT. 

The  use  of  any  explosives  other  than  permissible  explosives  is  not 

recommended  in  any  coal  mine  or  part  of  a  coal  mine 
dmm^  ^  ***"  ®xc®P*'  ^  early  development  work,  such  as  shaft  sink- 
ing or  entry  driving  tlirough  rock  strata.     In  such 
work  all  m^n  should  be  out  of  the  shaft  or  working  place  when  shots 
are  fired. 

After  the  coal  has  been  reached  and  it  has  become  necessary  that 
sliots  shall  be  fired  while  men  are  in  tlie  mine,  permissible  explosives 
only  should  be  used.  After  a  mine  has  been  opened  up,  if  rock  or 
dirt  is  encountered,  which  may  happen  because  of  a  fault  or  some 
other  cause,  it  is  quite  necessary  that  permissible  explosives  be  used, 
for  it  is  known  that  inflammable  gas  is  likely  to  be  found  in  such 
places. 

In  the  sinking  of  shafts  or  in  the  removal  of  rock  or  dirt  by  means 

of  explosives,  the  methods  to  be  followed  in  loading, 
^L^m^^,umpins,  tamping,   and  firing  the  charges  of  explosives  are 

similar  to  those  described  for  use  in  blasting  coal. 
In  this,  as  in  other  work,  electric  firing  will  be  found  to  be  the  safest 
means  of  shot  firing,  and  in  the  long  run  tlie  cheapest. 

It  is  not  uncommon  to  hear  the  statement  tliat  high  explosives, 

because  they  are  quicker  in  action  than  low  explo- 
T^iptag  hicii  a-  gjy^^  need  not  be  tamped.     This  is  a  serious  error. 

The  fallacy  of  it  has  been  repeatedly  proved  in  the 
tests  of  many  different  explosives  made  at  tlie  Pittsburg  testing 
station.  It  has  there  been  clearly  shown  that  the  Iiighest  pressure 
an  explosive  can  give,  and  therefore  the  greatest  amount  of  enei^ 
it  can  set  free,  will  be  developed  only  when  the  explosive  is  confined 
in  the  smallest  possible  space.  Hence  after  the  charges  have  been 
loaded  into  the  bore  holes  they  should  be  tamped  with  such  materials 
(the  best  being  damp  clay)  as  confine  the  charges  most  closely,  and 
this  material  should  be  rammed  in  firmly,  with  the  precautions 
already  set  forth,  quite  to  the  mouth  of  the  bore  hole. 
In  the  appendix  setting  forth  the  test  requirements  for  permissible 

explosives  (p.  68)  it  is  stated  that  electric  or  other 
^j^^JlJJJ^J^****'®'  detonators  containing  not  less  than  1  gram  of  the 

fulminating  composition  should  be  used  in  fijing  the 
charges.  For  use  with  high  explosives  in  rock  blasting,  detonators 
of  that  strength  are  also  best.  Under  no  circumstances  should  an 
electric  or  other  detonator  be  used  of  less  strengtli  than  No.  5,  con- 
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taining  0.8  gram  of  the  fulminating  composition.  The  greater  eflS- 
ciency  and  certainty  of  the  stronger  detonator  more  than  make  up 
for  its  slightly  greater  cost. 

In  the  sinking  of  shafts,  after  the  soil  has  been  removed  and  the 
overlying  layers  of  shale  and  rock  are  uncovered,  it  becomes  necessary 
to  use  explosives;  and  because  in  such  a  place  the  ventilation  is 
always  poor  and  the  miner  must  wait  for  the  fumes  and  smoke  to 
clear  away  after  each  blast  before  he  can  safely  return  to  his  work, 

time  can  usually  be  saved  by  firing  shots  in  groups 
^^    ihoti    in  jjjg^a^  Qf  singly.     Dynamite,  or,  when  the  shaft  is 

wet,  gelatin  dynamite,  may  be  used  for  these  shots, 
wliich  should  always  be  fired  after  the  men  are  out  of  the  shaft.  The 
most  economical  and  safest  way  of  firing  a  number  of  shots  at  one 
time  is  by  means  of  tlie  electric  current,  with  electric  detonators. 
The  older  method  of  firing  by  fuse  is  dangerous  and  wasteful.  Where 
fuse  is  used,  there  is  always  danger  that  a  seeming  misfire  may  prove 
to  be  a  hang  fire — that  is,  the  smoldering  fuse  may  cause  the  charge 
to  explode  unexpectedly.  Also,  if  by  any  chance  there  is  any  irregu- 
larity in  the  burning  of  the  fuse,  tlie  miner  can  not  properly  judge  the 
time  necessary  to  get  out  of  the  shaft  and  out  of  danger  after  having 
lighted  the  fuse. 

In  sliafts  that  run  through  rock,  as  most  shafts  do,  there  is  no 

objection  to  tlie  shattering  effect  of  firing  several 
ox^^  ■Jmnitaiw-  gj^^^g    ^^    ^j^g    same    instant,    and    this   method   is 

recommended;  but  when  it  happens  that  in  shaft 
sinking  the  shattering  effect  would  be  harmful,  and  successive 
shots  are  therefore  to  be  used,  it  is  still  advised  that  they  be  fired 
by  electricity.  For  such  shots,  however,  a  less  violent  explosive 
may  be  employed,  and  the  delay-action  electric  detonator  already 
described  (p.  33)  may  be  used  to  good  advantage. 

The  following  explosives  may  be  recommended,  in  a  general  way, 
for  use  when  the  size  and  condition  of  the  material  resulting  from  the 
blast  is  not  important,  for  example,  in  the  sinking  of  shafts  or  the 
driving  of  entries  through  rock: 

For  use  where  the  texture  of  the  material  is  very  tough  and  hard 

as  in  tough  granite,  hard  bowlders,  and  the  like,  60 

Vartont  ezploglTes  .       .      •    t  .  i  i  »i       » 

for  vse  in  linking  p«r  ccnt  straight  nitroglycerm  dynaimte  is  recom- 
shafts  and  dxMng  mended.     Where  the  material  is  of  moderate  tough- 

ness  and  somewhat  brittle,  50  per  cent  straight  nitro- 
glycerin dynamite  is  recommended.  In  material  such  as  limestone 
and  sandstone,  40  per  cent  straight  nitroglycerin  dynamite  is  recom- 
mended. In  hard  earth  or  compact  sand,  a  30  to  20  per  cent  straight 
nitroglycerin  dynamite  is  recommended.  In  material  such  as  a  soft 
crumbly  or  seamy  rock  that  requires  a  stronger  explosive  than  black 
blasting  powder  but  a  slower  explosive  than  dynamite,  a  granulated 
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powder  containiiig  5  per  cent  of  nitroglycerin  is  recommended. 
This  should  always  be  fired  with  a  priming  stick  of  dynamite.  With 
this  exception,  different  kinds  of  explosives  should  never  be  used  in 
the  same  bore  hole. 

For  very  soft  work  in  cuts  and  fills,  or  for  quarry  work  when 
dimension  stone  is  sought,  black  blasting  powder  is  recommended. 
In  grading  work  the  blast  hole  may  be  bottomed  out  with  dynamite 
before  charging  with  granulated  powder  or  with  black  blasting 
powder,  but  before  it  is  charged  care  should  be  taken  to  see  that  the 
dynamite  charge  has  not  left  any  fire  in  the  hole.  In  plastering  or 
adobe  work  on  bowlders  and  spawls,  or  in  block  holing,  a  strong 
dynamite  should  be  used.  Block  holing  is  the  more  effective  and 
economical  method  for  use  with  bowlders. 

If  the  straight  nitroglycerin  dynamites,  as  recommended  above, 

are  found  to  be  too  quick  or  too  violent  for  use,  and 
Ammonia    dyna-  ^j^^  results  obtained  are  not  as  desired  under  the  given 

circumstances,  ammonia  dynamites,  which  give  a 
more  heaving  and  rending  action,  are  reconamended.  They  are 
made  in  several  grades  and  are  rated  as  of  a  certain  percentage  of 
strength,  but  this  rating  is  not  always  made  in  a  scientific  way.  The 
following  composition  is- an  example  of  that  which  is  generally  offered 
in  this  country  as  a  40  per  cent  strength  ammonia  dynamite : 

Composition  of  40  per  cent  strength  ammonia  dynamite. 

Per  oent. 

Nitroglycerin 22 

Ammonium  nitrate 20 

Dope 58 

This  composition  does  not  contain  so  large  a  percentage  of  nitro- 
glycerin as  the  straight  40  per  cent  dynamite  (see  p.  19),  and  as 
tested  at  the  Pittsburg  testing  station  it  is  not  found  to  produce  the 
same  results  as  the  latter.  Nevertheless  the  anmionia  dynamites 
are  often  found  to  be  more  economical  and  more  efficient  for  certain 
classes  of  work  than  the  straight  dynamites  of  the  same  commercial 
rating.    The  anmionia  dynamites  are  less  readily  set  off  and  are 

safer  to  handle,  transport,  and  store  than  the  straight 
ammonia dymanitei.  dynanoites  are,  but  they  all  require  stronger  deto- 
nators than  the  straight  dynamites  to  insure  a  com- 
plete and  rapid  detonation.  They  have  the  disadvantage,  compared 
with  the  straight  dynamites,  of  taking  up  moisture  very  readily, 
and  great  care  should  be  used  in  storing  them  or  in  using  them  in 
wet  holes. 

For  use  in  very  wet  blasting  and  in  places  where  there  is  poor 

ventilation  the  c^elatin  dynamites  are  recommended. 

Water  has  but  httle  effect  on  them,  and  on  complete 

explosion  they  yield  only  a  small  quantity  of  fumes  and  bad  gases. 
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Like  ammonia  dynamites,  gelatin  dynamites  are  less  sensitive  than 
straight  nitroglycerin  dynamites,  and  they  therefore  require  stronger 
detonators  to  cause  their  complete  explosion.  They  become  less  sen- 
sitive during  long  storage,  and  they  have  been  known  after  long  stor- 
age in  tropical  countries  to  become  so  insensitive  that  they  could 
not  be  detonated  by  means  of  the  devices  ordinarily  used  in  firing 
them.  Grelatin  dynamite  is  likely  to  decompose  during  storage  in 
very  hot  places. 

Like  the  ammonia  dynamites,  the  gelatin  dynamites  are  sold  in 
several  grades  and  are  given  a  somewhat  unscientific  rating  in  com- 
merce. The  grade  known  as  40  per  cent  strength  gelatin  dynamite, 
as  generally  offered  in  this  country,  has  the  following  composition: 

Composition  of  40  per  cent  strength  gelatin  dynamite. 

Percent. 

Nitroglycerin 32 

Soluble  nitrocelluloBe 1 

Dope 67 

As  tested  at  the  Pittsburg  testing  station,  gelatin  dynamites  have 
not  been  found  to  be  equivalent  in  every  respect  to  straight  nitro- 
glycerin dynamites  of  the  same  commercial  rating,  and  as  regards 
economy  they  should  seldom  be  used  as  equivalent;  but  they  are 
superior  for  some  uses,  as  mentioned  above. 


SAFE  SHIPMBNT  AND  STORAGE  OF  EXPLOSIVES. 

By  B.  W.  Dunn. 

A  responsibility  to  the  public  rests  upon  both  manufacturers  and 

common  carriers  to  secure  the  safe  delivery  at  desti- 
prtSr^"**^*"^  ^  nation  of  explosives,  and  it  is  the  duty  of  the  owners 

of  explosives  to  store  them  safely. 
Under  authority  granted  by  Congress  the   Interstate  Conmierce 

Commission  has  made  regulations,  binding  upon  ship- 
znterttate  Com-  pers  and  common  carriers,  for  the  transportation  of 


cominiMion  explosives  in  interstate  commerce,  and  the  penalty 
of  a  possible  fine  of  $2,000  and  18  months'  imprison- 
ment is  prescribed  by  law  for  a  violation  of  any  of  these  regulations. 
The  shipper  must  know  and  certify  on  his  shipping  order  that  the 
explosive  offered  by  him  is  in  a  proper  condition  for  safe  transpor- 
tation and  that  it  is  packed  and  marked  as  required  by  the  regulations. 
To  perform  this  duty  the  shipper  should  be  thoroughly  familiar  with 
all  requirements  pertaining  to  his  shipment.  A  copy  of  the  regular 
tions  can  be  obtained  by  application  to  the  railway  agent,  whose 
duty  it  is  to  furnish  them  to  shippers. 

The  following  paragraphs  in  these  regulations  are  of  special  inter- 
est to  the  shippers  of  explosives  for  use  in  mines:  Oeneral  Rule  A. — 
Paragraphs  1501,  1502,  1503,  1509,  1510,  1531,  1533,  1541  to  1556, 
1558  to  1560,  1611  to  1614,  1648,  1661,  1665,  1666,  1668,  1674  to  1683. 
Miners  and  other  persons  are  sometimes  tempted  to  pack  explosives 

for  shipment  with  their  baggage  on  passenger  cars,  or 

xipiodfM  In  bag-  ^^th  their  household  goods  for  shipment  by  freight. 

foodi.  To  do  this  is  a  criminal  act  that  endangers  the  lives 

of  the  innocent  and  unsuspecting  persons  who  have 
to  handle  these  packages,  and  that  subjects  the  guilty  shipper, 
when  detected,  to  arrest  and  prosecution.  The  Federal  law  (section 
236)  prescribes  an  imprisonment  of  10  years  for  anyone  convicted 
of  this  crime  when  death  or  bodily  injury  results  from  the  illegal 
transportation  of  explosives.  When  no  injury  results  the  maxi- 
mum penalty  is  18  months'  imprisonment  and  a  fine  of  $2,000. 
There  is  no  standard  type  of  storage  magazine  in  use  in  this  country, 

and  the  laws  and  regulations  in  foreign  countries 
"■»*-  governing  the  construction  of  magazines  differ 
materially.  In  Austria,  for  example,  magazines  are 
required  to  be  of  light  construction,  whereas  in  England  they  must 
have  walls  at  least  18  inches  thick. 
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Figure  i  1 .    Foundation  plan  ( A;,  front  elevation  (15),  and  pl.iii  of  ventilator  hole ( C )  of  brick  magailxM. 
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Explosives  should  be  protected  as  far  as  practicable  during  storage 
against  heat,  moisture,  fire,  Ughtning,  projectiles,  and  theft.  The 
buildings  should  therefore  be  weatherproof,  covered  by  fireproof 
and  bullet-proof  material,  well  ventilated,  in  secluded  locations,  and 
not  exposed  to  fire  risk  from  grass  or  underbrush.  Lightning  pro- 
tectors are  best  placed  on  a  line  of  supports  encircling  the  building 
and  20  to  30  feet  distant  from  it.  Figures  11  and  12  show  plans  of 
an  approved  type  of  magazine. 

In  June,  1909,  the  chief  inspector  of  the  bureau  of  explosives  of  the 
American  Railway  Association  brought  to  the  attention  of  the  man- 
ufacturers of  explosives  in  the  United  States  the 
^jLwiatton of iiia«a-  (j^ngcrs  that  attend  the  location  of  storage  maga- 
zines too  near  railway  property  and  invited  a  con- 
ference T/O  discuss  the  steps  that  should  be  taken  to  remove  these 
dangers. 

A  committee'  was  appointed  by  the  manufacturers  to  make  an 
exhaustive  study  of  all  the  data  that  could  be  collected  the  world 
over  to  show  the  damage  that  had  resulted  from  explosions.  As 
had  been  anticipated,  a  great  deal  of  difficulty  was  experienced  in 
getting  rehable  information  in  regard  to  tliis  damage.  The  com- 
mittee finally  succeeded,  however,  in  collecting  more  or  less  reliable 
information  relating  to  over  130  explosions.  From  the  data  curves 
were  platted  on  a  large  scale  to  show  for  the  quantity  of  explosives 
involved  the  maximum  distances  at  which  structural  damage  to 
buildings  had  resulted  from  the  explosions.  The  term  structural 
damage  covers  injury  to  foundations,  supporting  waUs  (exterior  or 
interior),  or  to  roof  or  floor  members.  It  does  not  include  the  break- 
ing of  glass  or  the  shaking  down  of  plaster. 

From  experience  gained  principally  at  manufacturing  plants,  it 
was  concluded  that  an  eflFective  artificial  barricade  surrounding  a 
magazine,  or  the  intervention  of  a  natural  obstacle  screening  the 
property  to  be  protected,  would  result  in  reducing  the  maximum 
distance  observed  in  the  case  of  unprotected  magazines  by  50  per  cent. 
In  studying  the  data  collected,  therefore,  the  curves  were  platted 
on  the  assumption  that  the  magazine  was  thus  barricaded  or  pro- 
tected. With  the  exception  of  two  or  three  instances,  concerning 
which  there  was  reasonable  doubt  of  the  reUability  of  the  data  col- 
lected, the  curves  were  drawn  to  pass  outside  of  all  the  platted  points 
showing  structural  damage.  From  these  curves  the  following  table 
was  prepared  to  show  the  distances  that,  according  to  the  quantity 
of  explosives  involved,  should  separate  storage  magazines  from 
inhabited  dwellings  and  railways.  For  any  such  magazine  not  pro- 
teciied  by  an  efficient  barricade,  or  by  natural  protection,  the  dis- 
tsnc^  should  be  doubled. 
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Mimmum  distances  between  barricaded  magazines  and  railways  or  inhabited  dtoellings. 


• 

Proposed  American  distances 

Proposed  American  distances 

Quantity  of  ex- 

(feet). 

r 

Quantity  of  ez- 
j^oslves  stored 

(Iset). 

plosives  stored 

(pounds). 

TnhAbited 
buildings. 

Public  railway. 

(pounds). 

Inhabited 
buildings. 

Public  railway. 

50 

120 

70 

10,000 

890 

535 

100 

180 

110 

20,000 

1,055 

635 

200 

260 

155 

30,000 

1,205 

725 

300 

320 

190 

40,000 

1,340 

805 

400 

360 

215 

50,000 

1,460 

875 

500 

400 

240 

60,000 

1,565 

940 

600 

430 

260 

70,000 

1,655 

995 

700 

460 

275 

80,000 

1,730 

1,040 

800 

490 

295 

90,000 

1,790 

1,075 

900 

510 

305 

100,000 

1,835 

1,100 

1,000 

530 

320 

200,000 

2,095 

1,255 

1,500 

600 

360 

300,000 

2,335 

1,400 

2,000 

650 

390 

400,000 

2,555 

1,535 

3,000 

710 

425 

500,000 

2,755 

1,655 

4,000 

750 

450 

600,000 

2,935 

1,760 

5,000 

780 

470 

700,000 

3,095 

1,855 

6,000 

805 

485 

800,000. 

3,235 

1,94P 

7,000 

830 

500 

900,000 

3,355 

2,015 

8,000 

850    . 

510 

1,000,000 

3,455 

2,075 

9.000 

870 

520 

It  should  be  understood  that  the  proposed  distances  given  in  the 
above  table  have  not  yet  been  sanctioned  by  law.  Whenever  it 
b^omes  necessary,  however,  for  a  court  to  decide  what  would  be  a 
reasonable  distance  in  a  locality  where  such  a  distance  is  not  speci- 
fied by  law,  common  practice  would  require  resort  to  the  testimony 
of  experts.  The  above  table  represents  the  combined  judgment  of 
the  best  experts  available,  after  an  honest  and  prolonged  study  of 
all  available  data.  It  is  probable,  therefore,  that  the  table  will  be 
accepted  as  a  guide  and  that  any  person  maintaining  a  storage  maga^ 
zine  at  distances  less  than  those  prescribed  by  it  will  be  subject  to 
successful  prosecution  before  the  courts  for  the  maintenance  of  a 
public  nuisance. 

It  will  be  advisable,  therefore,  for  all  interested  parties  to  see  at 
the  earliest  possible  moment  that  their  magazines  are  located  in 
accordance  with  the  above  table.  It  is  understood,  of  course,  that, 
in  any  locaUty  where  the  law  on  this  subject  is  now  specific,  the  law 
must  be  the  guide. 

Magazines  should  be  kept  clean  and  in  thorough  repair.     Grounds 

around  them  should  be  kept  clear  of  leaves,  grass, 
or  other  materials  that  might  feed  a  fire.  These 
words  should  be  conspicuously  posted  on  them:  '^Explosives — dan- 
gerous. No  shooting  allowed."  The  floors  must  be  swept  regu- 
larly and  kept  clean.  The  sweepings  should  be  thrown  in  water  or 
taken  to  a  safe  distance  and  destroyed. 
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In  case  floors  become  stained  with  nitroglycerin,  coyer  the  stains 
with  dry  sawdust,  sweep  up,  and  remove  the  sawdust.  Then  scrub 
the  stains  thoroughly  with  a  hard  brush  and  a  solution  of  one-half 
pound  of  sidphide  of  sodium  or  sulphide  of  potassium  in  one-half 
gallon  of  wood  alcohol. 

Do  not  allow  in  the  magazine  any  tools  other  than  a  wooden  mallet 
and  wooden  wedge,  or  a  phosphor-bronze  chisel,  and  a  screw  driver 
^  to  be  used  only  for  removing  screws. 

Do  not  open  dyna/mite  boxes  with  a  nail  pvMer  or  powder  cans  with 
pickaxes. 

Remove  all  explosives  from  a  magazine  before  repairing  it. 

Do  not  store  detonators  with  explosives. 

Do  not  open  packages  of  explosives  in  a  magazine. 

Issue  first  the  oldest  explosives  on  hand. 

Do  not  store  dynamite  boxes  on  end,  as  this  increases  the  danger 
of  nitroglycerin  leaking  from  the  cartridges. 

Persons  receiving  packages  of  explosives  sent  by  rail  should  ex- 
amine them  carefully  to  discover  ruptures  or  other  serious  damage 
received  during  transit.  Any  information  regarding  such  matters 
will  be  welcomed  by  the  chief  inspector,  Bureau  for  the  Safe  Trans- 
portation of  Explosives,  24  Park  Place,  New  York  City. 


APPENDIX. 

CONDITIONS   UNDER   WHICH   EXPLOSIVES   ARE  TESTED. 

The  conditions  under  which  the  Bureau  of  Mines  tests  explosives  to  determine 
whether  they  shall  be  placed  on  its  list  of  permissible  explosives  are  as  follows: 

1.  The  manufacturer  is  to  deliver  to  the  Bureau  of  Mines,  Fortieth  and  Butler 
Streets,  Pittsburg,  Pa.,  three  weeks  prior  to  the  date  set  for  tests,  100  pounds  of  each 
explosive  that  he  desires  to  have  tested.  He  is  to  be  responsible  for  the  care,  han- 
dling, and  delivery  of  this  material  to  the  testing  station  and  he  is  to  have  a  representa- 
tive present  during  the  tests.  In  order  to  avoid  duplication  of  work,  it  is  requested 
that  the  smallest  size  of  cartridge  that  the  manufacturer  intends  to  place  on  the  market 
be  sent  for  these  tests. 

2.  No  one  is  to  be  present  at  or  participate  in  these  tests  except  the  necessary 
Government  officers  at  the  experiment  station,  their  assistants,  and  the  representa- 
tive of  the  manufacturer  of  the  explosives  to  be  tested. 

3.  The  tests  will  be  made  in  the  order  of  the  receipt  of  the  applications  for  them, 
provided  the  necessary  quantity  of  the  explosive  is  delivered  at  the  testing  station 
by  the  date  set,  of  which  date  due  notice  will  be  given  by  the  Bureau  of  Mines. 

4.  A  list  of  the  explosives  which  pass  certain  requirements  satisfactorily  will  be 
furnished  to  State  mine  inspectors  and  will  be  made  public  in  such  other  manner 
as  may  be  considered  desirable. 

5.  The  details  of  results  of  tests  are  to  be  considered  confidential  by  the  manufac- 
turer and  are  not  to  be  made  public  prior  to  official  publication  by  the  Bureau  of 
Mines. 

6.  From  time  to  time  field  samples  of  permissible  explosives  will  be  collected,  and 
tests  will  be  made  of  these  explosives  as  they  are  supplied  for  use  in  coal  mines  in 
the  various  States. 

TEST  REQUIREMENTS   FOR   EXPLOSIVES. 

The  tests  will  be  made  by  the  engineers  of  the  United  States  mining  experiment 
station  at  Pittsbuig,  Pa.,  in  gas  and  dust  gallery  No.  1.  The  charge  of  explosives 
to  be  fired  in  tests  1,  2,  and  3  shall  be  equal  in  deflective  power,  as  determined  by 
the  ballistic  pendulum,  to  one-half  pound  (227  grams)  of  40  per  cent  nitroglycerin 

dynamite  in  its  original  wrapper,  of  the  following  formula: 

Peremt. 

Nitroglycerin 40 

Nitrate  of  soda  (sodium  nitrate) 44 

Wood  pulp 15 

Carbonate  of  lime  (calcium  carbonate) 1 

100 

■ 

Each  charge  shall  be  fired  with  an  electric  detonator  (exploder  or  cap)  strong  enough 
to  completely  detonate  or  explode  the  chaige,  as  recommended  by  the  manufacturer. 
The  explosive  must  be  in  such  condition  that  the  chemical  and  physical  tests  do  not 
show  any  unfavorable  results. 

In  order  that  the  dust  used  in  tests  2,  3,  and  4  may  be  of  the  same  quality,  it  is 
always  taken  from  the  same  mine,  ground  to  the  same  fineness,  and  used  while  still 
fresh. 
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The  following  are  the  tests  to  which  are  subjected  the  explosives  that  the  Bureau 
of  Mines  is  asked  to  place  in  the  list  of  permissible  explosives: 

Test  1.  Ten  shots  each  with  the  charge  as  described  above,  in  its  original  wrap- 
per, shall  be  fired,  each  tamped  with  1  pounds  of  clay  stemming,  at  a  g^ery  tem- 
perature of  77^  F.,  into  a  mixture  of  gas  and  air  containing  8  per  cent  of  gas  (methane 
and  ethane).  An  explosive  is  considered  to  have  passed  the  test  if  no  one  of  the  ID 
successive  shots  ignites  this  mixture. 

Test  2.  Ten  shots  each  with  the  charge  as  described  above,  in  its  original  wrap- 
per, shall  be  fired,  each  tamped  with  1  pound <*  of  clay  stemming,  at  a  gallery  tem- 
perature of  77^  F.,  into  a  mixture  of  gas  and  air  containing  4  per  cent  of  gas  (methane 
and  ethane)  and  20  pounds  of  bituminous  coal  dust,  18  poimds  of  which  is  to  be 
placed  on  shelves  along  the  sides  of  the  first  20  feet  of  the  gallery,  and  2  pounds  to  be 
BO  placed  that  it  will  be  stirred  up  by  an  air  current  in  such  manner  that  all  or  part 
of  it  will  be  suspended  in  the  first  division  of  the  gallery.  An  explosive  is  considered 
to  have  passed  the  test  if  no  one  of  the  10  successive  shots  ignites  this  mixture. 

Test  8.  Ten  shots  each  with  the  charge  as  described  above,  in  its  original  wrap- 
per, shall  be  fired,  each  tamped  with  1  pound  <*  of  clay  stemming,  at  a  gallery  tem- 
perature of  77**  F.,  into  40  pounds  of  bituminous  coal  dust,  20  pounds  of  which  is  to 
be  distributed  uniformly  on  a  steel  trestle  placed  in  front  of  the  cannon  and  20  pounds 
placed  on  side  shelves  in  sections  4,  5,  and  6.  An  explosive  is  considered  to  have 
paased  the  test  if  no  one  of  the  10  successive  shots  ignites  this  mixture. 

Test  4.  A  limit  charge  will  be  determined  within  50  grams  by  firing  charges  in 
their  original  wrappers,  without  stemming,  at  a  gallery  temperature  of  77®  F.,  into  a 
mixture  of  gas  and  air  containing  4  per  cent  of  gas  (methane  and  ethane)  and  20 
pounds  of  bitiuninous  coal  dust,  to  be  arranged  in  the  same  manner  as  in  test  2.  This 
limit-charge  test  is  to  be  repeated  five  times  under  the  same  conditions  before  being 
established. 

The  tests  now  prescribed  as  those  a  permissible  explosive  must  have  passed  ara 
those  given  above.  But  even  the  explosives  that  have  passed  those  tests  and  are 
published  as  permissible  explosives  are  to  be  considered  as  permissible  explosives 
only  when  used  imder  the  following  conditions: 

1.  That  the  explosive  is  in  all  respects  similar  to  the  sample  submitted  by  the 
manufacturer  for  test. 

2.  That  No.  6  detonators — ^preferably  No.  6  electric  detonators  (double  strength) — 
are  used  of  not  leas  strength  than  1  gram  charge,  consisting  by  weight  of  90  parts  of 
mercury  fulminate  and  10  parts  of  potassium  chlorate  (or  their  equivalents),  except 
for  the  explosives  "Bental  coal  powder  No.  2,"  "Detonite  special/'  "Hecla  No.  2," 
**Kanite  A,"  "Masurite  M.  L.  F.,"  "Titanite  No.  7-P,"and  "Titanite  No.  8-P," 
for  which  the  detonator  shall  be  of  not  less  strength  than  the  No.  7  (1^  grams  charge 
of  the  same  mixture). 

3.  That  the  explosive,  if  frozen,  shall  be  thoroughly  thawed  in  a  safe  and  suitable 
manner  before  use. 

4.  That  the  quantity  used  for  a  shot  does  not  exceed  li  pounds  (680  grams), 
properly  tamped. 

It  must  not  be  supposed  that  an  explosive  that  has  once  passed  the  abo\e- 
mentioned  tests  and  has  been  published  in  lists  of  permissible  explosives  is  there- 
after to  be  considered  a  permissible  explosive,  regardless  of  its  condition  or  the  way 
in  which  it  is  used.  Thus,  for  example,  an  explosive  named  in  the  permissible  list, 
if  kept  in  a  moist  place  until  it  undergoes  a  change  in  character,  ifl  no  longer  to  be 
considered  a  permissible  explosive.  If  used  in  a  frozen  or  half-frozen  condition,  it 
is  not  when  so  used  a  permissible  explosive.  If  used  in  excess  of  the  quantity  speci- 
fied (li  poimds),  it  is  not  when  so  used  a  permissible  explosive.  And  when  the  other 
conditions  have  been  met,  it  is  not  a  permissible  explosive  if  fired  with  a  detonator 
of  less  than  the  prescribed  strength. 

a  Two  pounds  of  clay  stemming  are  used  witli  slow-burning  explosives. 
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Moreover,  even  when  all  the  prescribed  conditions  have  been  met,  no  permissible 
explosive  should  necessarily  be  considered  as  permanently  being  a  permissible  explo- 
sive, but  any  permissible  explosive  when  used  under  the  prescribed  conditions  may 
properly  continue  to  be  considered  a  permissible  explosive  until  notice  of  its  with- 
drawal or  removal  from  the  list  has  been  officially  published,  or  until  its  name  is 
omitted  from  a  later  list  published  by  the  Bureau  of  Mines. 

Furthermore,  the  manufacturers  of  a  permissible  explosive  may  withdraw  it  at 
any  time  when  introducing  a  new  explosive  of  superior  qualities.  And  after  further 
experiments  and  conferences,  the  Bureau  of  Mines  may  find  it  advisable  to  adopt 
additional  and  more  severe  tests  to  which  all  permissible  explosives  may  be  subjected, 
in  the  hope  that  the  lives  of  miners  may  be  safeguarded  better  through  the  use  of  only 
those  explosives  that  may  pass  the  more  severe  tests. 


PUBIilCATIONS  ON  MINE  ACCIDE3NTS  ANB  EXPIiOSIYES. 

The  foUowing  publications,  except  those  to  which  a  price  is  attached , 
can  be  had  free  by  applying  to  the  Director,  Bureau  of  Mines,  Wash- 
ington, D.  C.  The  priced  publications  can  be  had  by  sending  the 
price,  in  cash,  to  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C. 

PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL  SURVEY. 

Bulletin  333.  Coal-mine  accidents;  their  causes  and  prevention;  a  preliminary  sta- 
tistical report,  by  Clarence  Hall  and  W.  O.  Snelling,  with  introduction  by  J.  A. 
Holmes.     1907.    21  pp.    6  cents.  ' 

Bulletin  369.  The  prevention  of  mine  explosions.  Report  and  recommendations, 
by  Victor  Watteyne,  Carl  Meissner,  and  Arthur  Desborough.  1908.  11  pp.  5 
cents. 

Bulletin  383.  Notes  on  explosive  mine  gases  and  dusts,  with  special  reference  to  the 
explosions  in  the  Monongah,  Darr,  and  Naomi  coal  mines,  by  R.  T.  Chamberlin. 
1909,    67  pp. 

Bulletin  425.  The  explosibility  of  coal  dust,  by  George  S.  Rice,  with  chapters  by 
J.  C.  Frazer,  Alex  Larsen,  Frank  Haas,  and  Carl  Scholz.    1910.    186  pp.,  14  pla. 

PUBLICATIONS   OF  THE    BUREAU  OF  MINES. 

Bulletin  15.  Tests  of  explosives  used  in  coal  mines,  by  Clarence  Hall,  W.  O.  Snell- 
ing, and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pittsburg,  by 
G.  A.  Burrell,  and  a  preface  by  C.  E.  Munroe.     (In  press.) 

Miners'  Circular  2.  Permissible  explosives  tested  prior  to  January  1, 1911,  and  pre- 
cautions to  be  observed  in  their  use,  by  Clarence  Hall.     1911.    12  pp. 

Miners'  Circular  3.  Coal-dust  explosions,  by  George  S.  Rice.    1911,    22  pp. 

Miners'  Circular  4.  The  use  and  care  of  mine-rescue  breathing  appratus,  by  J.  W. 
Paul.     1911.    24  pp. 
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